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Avant-Propos

1’OTAN avait organisé des 1965 un Cours Avancé d'une qualite exemplaire sur Evaluation des Sytemes d’Information, cours
qui réunissait & la Haye les meilleurs spécialistes en service de I'information,

La notion de systeme est importante parce qu'elle permet toutes les évolutions souhaitables pour une meilleure satisfaction des
bes ans de P'utilisateur. Elle permet a la cybernétique de laisser sa place a 'humain. Elle montre que Uefficacité est liée 3 la
mesre d'un certain nombre de paramétres qu'il faut savoir identifier et maitriser.

Au .in des pays de 'OTAN les grands centres ou services d'information ont une part importante de responsabilité dans la
cons: uction et I'évolution des systémes nationaux. C'est pourquoi la Commussion de V'Infurmation Technique de TAGARD a
orgainsé en septembre 1988 une Série de Conférences sur le theme de “I'évaluation des Centres et Scrvices d'Information” au
Luxesr dourg, en Gréce et au Portugi 1. Les textes de ces conférences ont 4té rassemblés dans ia série de conférences no.160.

La Comimussion a alors demandé au directeur de la séne de conférences de combiner le contenu de ces présentations et
Jexpérien: . qu'il a lui méme acquise & loccaston Je »a participation a des actions d’évaluation de centres et services
dinformation, de fagon a préparer un munuel tenant fieu de synthése: ¢'est le volume présenté ici.

A Theure os il apparait ciurement que “l'investissement immatériel” dans linformation est essentiel si Fon veut rester
compétitif, le manuel permettra a tous ceux qui ont une responsabilité dans la gestion et le transfert de I'information de tirer le
meilleur parti des ressources et moyens a leut disposition, d'étre “proactifs” plutdt que “réacufs™ en mettant en place les
systémes de mesure, les tableaux de boras, qin faciliteront les prises de déciston.

Je remercie les auteurs de ce manuel, José-Mane Giffiths ¢t Donald W.King, qui ont me semble-t-1l parfaitement réussi a
regrouper ¢t 2 organiser dans cet ouvrage les connaissances des metlleurs experts du domaine et donce a facihiter la mise en place
de ces systemes de mesure et d'évaluation.

Ce manucl devrait faire l'objet d’une large diffusion aupres des personnels techniques et administratifs qui unt ou sont appelés a
avoir un réle important dans 1a gestion et le transfert de I'information.

ALBERT YANEZ
Président de la Commu: ston de
Information Technique de FAGARD
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Yoreword

In 1965, NATO organised an advanced course on the evaluation of information systems, The course was of an exemplary
standard and brought together at the Hague the leading specialists in the field of information services.

The concept of systenm . mportant, as it provides the necessary flexibility for a type of development more 1n line with user
reguirements, It enables cybernetics (o give way to the human being. It dem~nstrates that efficiency is inked to the ability to
measure a number of patarieters which the user must know how to identify and master.

In the NATO nations the major information centres or services have a large share of responsibility for the design and
development of national systems For these rcasons, the Techmceal Information Panel of AGARD held a Lecture Series on “The
evaluation of information centres and services™ 1 Luxembourg, Greece and Portugal, The texts of the lectures are contamned in
Lecture Senes No.160.

The Pancl then commissioned the Director of the Lecture Seres to combine the materal presented there wath the experiesice ne
had gamned in many projects involving the evaluation of information centres and services, and prepare a unified manual (this
AGARDograph).

At atime when it seems clear that “grey matter investment” in information 1s vital it we are to reman competitive, this manual
will enable all those responsible for the management and transfer of information to get the best out of the resources and facilities
attheir disposal, and to be “proactive” rather than “reactive”, by setting up measurement systems which act as istrument panels
for those responsible for making the decisions.

I'would like to thank the authors of this manual, José-Marie Griffiths and Donald W King, who, 1n my apinion, have successfully
brought together and structured 1 one volume the knowledge held by the leading experts in the field, and by s doing have
faciiitated the implementation of these msasurement and evaluation systems.

This manual should be widely disseminated among the admimstrative and techmical personnel who have or will have an
important role to play in the management and transfer of information

ALBERT YANEZ
Chatrman
Techmical Information Panel of AGARD




Preface

This manual on “The Evaluation of Information Centers and Services™ grew out of AGARD Lecture Series No 160 entitled
“Evaluating the Effectiveness of Information Centres and Services™ The Lecture Serics was given by.

Dr. José-Mane Gniffiths, King Research, Inc.

Donald W. King, King Research, Inc.

John Martyn, Polytechnic of Central London

Professor Jack Meadows, Dean, Dept, of Library Information Studies
Dr. David Penmman. AT&T Bel} [ aboratories

in September 1988 mn the host countnies of Luxembourg, Greeze, and Portugal
Readers of this manual are particutarly recommended to read the papers!

Measutes, Methods and Models Employed i Evaluating the Effectiveness of Information Centres and Services, by AJ
Meadows

European Examples of Evaluating the Effectiveness of Information Centres and Services, by J. Martyn
Evaluating for information Centre Planming, by W. E. Penniman.

This manual deals largely with extensive evaluations done by King Research over the past fifteen years. The genesis of the
approach to evaluation of information centers and services discussed here began with a Nattonal Science Foundation study
published as a book? 1n 1971. Since that tme the approach has been modificd somewhat and extended constderably as a result
of nearly 300 projects involving planming. evaluation and design of information centers and services. We emphasize that the
general approach presented here (including suggested measures, models and methods) are not the only ones that one might use
Rather, the approach in this manuat is a result of the parucular knowledge we have gained and it reflects what we have found to
be applicable and uscful to funders, managers. information center staff and information service nsers. For other approaches to
evaluation, we refer the reader to the bibhography at the end of the manua! and, mn particular, the works of Buckland, Hayes,
Kantor, Martyn, Mcadows, and Penniman.

In this manual we emphasize evaluation measurcs, models, and methods and we usually present actual data and results from
studies performed by King Research A companion book, "Special Libraries and Information Services — Increasing the
Intormation Edge™ represents an overview of the results of these studies. Also, we prepared “Keys to Success Performance
Indrcators for Public Libraries™ that provides an additional perspective for using evaluation measures and indicators

José-Marie Gniffiths, Ph D.
Donald W. King
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Chapter 1

The Role of Evaluadion

1.1 Background

Information systems evaluation has been extensively
discussed in the literature over the past thirty years and there
have been many exemplary evaluations performed over the
years. However, we believe that evaluation of information
centers and services is likely to take on new sigmficance in
the 1990%. Institutions of all kinds worldwide are
undergoing intensive scrutiny in terms of their performance
and cffectiveness, we believe properly so. It 1s no longer
accepted as matter of fact that information centers are
necessary or that all services are needed. Information
centers are undergoing increasingly strong competition for
funds within their companies, educational mstitutions,
government agencies or other organizations, We believe that
such competition will become even more intense during the
1990's. Unfortunately, many mformation centers are not
well prepared to meet this competition. They typically do
not measure or heep data that are useful for making a
compelling case for themselves in a highly competitive
cavironment.

Most information centers that we have dealt with mantain
their management information or data in terms of budgeted
ttems that reflect resources such as staff, collections (stock),
equipment and systems, and facilines. Sometimes
information center managers allocate budgets to specific
services, but rarely do they measure the performance of
those services in terms or productivity or output quality,
timeliness, etc. It 1s even rarer for mformation center
managers to establish the effectiveness of their services in
terms of user satisfaction, the extent to which services are
used and the consequences of use of the services in terms of
the purposes for which services are used and how services
affect users’ work. We believe that in the future, budgets for
information centers and services will be considered an
investment and return on that investment must be
considered in terms of how effective services are for meeting
the organizations’ mission, goals and objectives.

Throughout the Manual are several recurring evaluation
themes:

®  Evaluation must have a purpose it must not be an end in
uself. The purpose of evaluation arises out of a need to
“set a value on” an information center and services.
Lord Kelvin has said that “.when you can measure
what you arc speaking about, and express it n
numbers, you know something about it; but when you
cannot measure it, when you cannot express it in
numbers, your knowledge is of a meager and
unsatisfactory kind..”s.

®  Without the potential for some action, there is no need to

evaluate. Whether evaluation is used for budgeting,
planning, administration, design or other functions, it
should lead to decision-making, which is a prelude to
action.

®  Evaluation must be more than merely descriptive;

rather, evaluation must take into acccunt relationships
between operational performance and effects on the
users and organizations being served. In addition to
merely measuring costs and amounts of services
provided, it is important to be able to relate costs to a
combination of service quantities, quality, timeliness,
etc. and, 1n turn, to relate quahty and timeliness to user
satisfaction, extent of use and consequences of use.

Evaluation should be a communication tool where
feedback 10 and from staff and users is unimpeded %
evaiuation should be addressed to, made known vy
and used by information center funders, managers,
staff and users. We strongly advocate a participatory
approach to cvaluation. Information center staff must
know the objectives and possible outcomes of
evaluation. They can contribute substantially to
evaluation through their intimate knowledge of
operations and users. They can also perform their
work better as a result of knowledge gained through
evaluation, whether it be operational or user-related
knowledge. We have found that users also can benefit
from the knowledge gained through evaluation —
sometimes regarding their interface with service staff,
use of services o how information affects their work.

Evaiuation should not be sporadic n nature, but rather
should be considered as an ongoing management tool
supported by an ongomng system of measures or
management information system Nearly ali evaluation
reported n the literature involve one-time studies
However, ongoing evaluation can be relatively
wmexpensive, because observation and analysis costs
are spread over time. Furthcrmore, a one-time
evaluation provides a baseline measurement only. It 1s
the ongomng evaluation subsequent to action that
provides mmportant nformation on the effects of
action.

Ongoing evaluauon should provide a means for
continual montoning, dwgnosis and change. Such
ongoing evaluation makes managers proactive rather
than reactive. By observing trends in critical measures
and indicators, managers can set measurable
objectives which help fulfill meaningful goals and
mussions of the center and services. A system of
measures will provide diagnostic tools for determining
why objectives are not achieved and what the
consequences of not meeting the objectives are to the
parent organization.

Ongoing evaluation should be dynamic 1n nature, in that
evaluation measures, models and methods must reflect
new knowledge and changes in the operational, user and
organizational environment. Changes in information
center operations and services will of necessity require
different evaluation measures, models and meiliods.
Furthermore, knowledge gained through continued
observation and analysis will dictate modification to
evaluation procedures, measures, models and
methods.

Artian w A




Evaluation costs money and uses resources that might be
applicd for competing functions m the center. The
mvestment is n information that should lead to better
decision-making and ultimate savings to the mformation
center. The favorable consequences of cvaluation and
ongoing system of mecasures must exceed the costs.
Unfortunately there 1s little documentation, except through
anccdotes to demonstrate this. On the other hand,
circumstances n the future may mmpose the need for
continued evatuation and 1t behooves information center
management to be prepared for this, We are aware of no
guidehnes regarding how much evaluation should cost.
However, we believe that ongoing evaluation and sv..ems of
measures should cost in the neighborhood of wo to five
percent of budget. When a large-scale change 1+ anticipated
such as purchase or development of a major automated
system or a move to new facilities, approximately five
percent of that budget should be sct aside for special-
purpose evaluation tied to the ongoing evaluation. One can
cite hundreds of examples where, without proper
cevaluation, the cost of mistakes made in purchase of new
systems cost the information center hterally ten to 20 times
the recommended amount of five percent investment in
evaluation.

1.2. The Role of Evaluation

We emphasize throughout the Manual the many roles that
cevaluation plays in information centers. We also stress that
cevaluation should not be a one-time process but rather
should provide a continual system of measures and
management information. In particular, evaluation and a
system of measurcs should assist in the following functions,

¢  Planning

®  Resource management

®  Operational function and service management
¢  Promotion, marketing and public relations

The role of each of these functions 1s discussed below.

Evaluation During Planning

Bastcally, the planning process is astructured framework for
continuous problem solving based on a combination of
objective and subjective information, The role of evaluation
in this process 1s to provide the basic information for
designing and redesigning information center operational
functions, services, or systems. A planning manual was
developed by Palmour and colleagues at King Research ¢
and cvaluztion aspects from that manual are described
below.

Planning entails making decisions based on predicted
cffects of alternative actions. Decisioas are also made on the
basis of results of past decisions. This is the control function
of both planning and evaluation. Techniques most often
used in evaluation during the planning process include
observational studies, surveys, and descriptive models of the
system. For example, once a planning group or committee
has developed several strategier for possible
implementation, 1t is necessary to evaluate the strategies to
determine the best methods of reaching the desired ends.
Technirues used for evaluating proposed strategies (1., for
evalua \ng alternative actions for accomplishing the
previossly determined objectives) include cost finding,
assessinent of center records, surveys and experimentation,

Evaluation provides a guide for considenng the probable
impact of a strategy upon each objective. The question 15
essentially “How much better can the center, system or new
technology accomplish each of its objectives if the strategy is
adopted and implemented?” Because a strategy designed to
further one objective may affect another, for better or worse,
cach strategy has to be evaluated against each objective. This
requires some means of anticipating or forecasting the
incremental gain or loss from what 1 currently being
accomplished. This may be a subjective exercise, because it
relies on the expectations of the effects of strategies on
objectives; but it 1s absolutely necessary to evaluate
strategics for possible implementation. There 15 also the
expenmental approach, whereby strategies are tested by
limited application in only one part of the system.

Planning, like the evaluation process it includes, is ongoing.
A tong-range plan 1s developed as part of the imtial cycle of
the planning process. It ncludes the monntoring and
evaluation of the center's plan itself and evaluation of the
continued relevance of current center operations, services,
and products to the needs of the users to be served.

Planning nvolves setting an information center’s mission,
goals, measurable objectives, prionties and strategies for
achieving change. These aspects of planmng and
management are defined as follows:

&  Mission should be an overall statement of the
information center’'s role n mecting its parent
organization's mission, goals and objectives. It should
reflect the center’s philosophy in providing service.

®  Goals are broad statements of desired ends such as an
increase in the number of users, an increase in the use
of services, automation of certain functions,
development of new services, etc.

®  Objecnves are specific targets within the goals, and
there may be several objectives for each goal. The
objectives should be measurable, if possible

®  Prorities should be sct among objectives to help make
decistons on actions under various funding and other
resource limitation/contingencies.

®  Sirategiesfor change are the “.ctions which can be taken
to achieve the goals and objectives

In our framework for evaluation we stress several
perspectives for evaluation including the information center
(management and staff), users and the user’s organizations
(often the funder of the center) The mission statement
should include some language from the organization’s
perspective, some goals must include meeting users'
information needs and requirements, and some objectives
can include performance and effectivencss measures. We
show that we can link information service performance to
users’ performance. Thus, one can conceptually also link the
information center’s performance to the objectives, goals
and mission of the parent organization.

Evaluation and information requirements for the planning
process (for public libranes) were developed as shown in
Figure 1 The structure holds for information centers as well,

A useful apphcation of evaluation is in planming and
designing systems and automation in information ceniers. kit
is cssential in planmng, feasibility analysis, design,
development and operations. Evaluation involving new
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Information Required and Source

Datermi teristics of envi tand

Planning Steps
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kibrary Environment

4
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Compare branches (Library statistics)
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Determine user satisfaction (User survey}
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Services and Resources
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1

{Citizen and student surveys)

Define target groups and services (Surveys)

> Set Goals, Objectives,
and Prionities

Update citizen input (Focussed survey)

Update interests, preferences, and points of accees

Examine current patt and priorities of use
{In-library survey)
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{Libtary and perf measur )
Y
Develop and Evaluate
Determi y interests, levais of comp | Strategies for Change
hension (Citizen and student surveys)
Y
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M progress (P ) > Monitor and Evaluate
Progress toward Goals
Y
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population (Secondary source data) _ |  Review and Update Goals,
- Objectives, and Priorities

y_

Develop and Evaluate New

(Focussed sutveys)

g Strategies for Change (if necessary)

]

Implement New Strategies

Fig.1 Information requirements for the planning process

technology must be an integral part of the entire system hife
cycle. Information systems have life cycles that consist of
overlapping, interconnected, and alternative phases:
planning and feasibility analysis, design, implementation,
operatlon, and planning again. As shown in Figure 2,
evaluation can have a role during each phase. In general,
evaluation methods used during the planning and operating
phases differ somewhat from those used during the design
and implementation stages. The first phases make more
extensive use of simulation and experimentation techniques,

while the latter phases provide more opportumty for
observational and  descriptive  techmques.  The
implementation phase uses both types of techniques

Evaluation research provides the basic information for
designing and redesigning systems. In addition, cvaluation
studies have as one purpose the assessment of designs prior
to implementation. In the design process, the decision-
maker must begin to consider multiple alternatives under
multiple conditions. The selection from alternative systems
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is rarely simple with one alternative clearly dominating all
others. Usually, one system or alternative technology
appears to be superior wich respect to one objective but not
to another. The evaluators function 1s to provide the
decision-maker with an explicit and rational analysis.
Consequently, cvaluation of design alternatives often
nvolves the use of models. Depending on the alternative, a
model may involve only verbal statements of cause and
cffect; or mathematical models can be developed to provide
necessary data. Computer simulation may be also used.

In some instances, research or feasibility analysis precedes
destgn. When research is perfurmed, evaluation plays an
important role in observing, describing, and simulating the
information environment under ditferent conditions. These
evaluation techmques provide the opportunity to consider
the information environment under different conditions and
perhaps anticipate potential problem areas before the actual
system 1s operational. Experiments conducted as part of the
cvaluation procedure n such a research context can be
performed to understand more of the phenomenon of user
satisfaction by measunng as many of the different aspects of
itas possible. The increased knowledge of user behavior can
be used to adjust the conditions surrounding computer-
based or electrontc services accurately in order to increase
user satisfaction.

SYSTEN LIFE CYCLE

]

PLANNING

T
i

FEASIBILITY ANALYSIS

| EVALUATION

DESIGN STUDY

1
]

DEVELOPHENT & IMPLEMENTATION
[

2

OPERATIONS
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Once a plan has been developed and the system designed,
the next step 15 its implementation. Evaluation is performed
during this phase to check the match between the
implementation and program expectations. Evaluation
study results may suggest needed adjustments before the
system becomes operational. The principal objectives of this
evaluation are (1) to predict the performance of the system
once it is made operatfonal; (2) to reveal specific needs, if
any, for modifying and correcting the system before changes
become too costly; and (3) to perform a preliminary
investigation of operational strategies.

As part of the planming process, decisionmaking 1s based on
the predicted effects of alternative actions, In the
operational stage of the information system, decisions are
also being made on the basis of the results of past decisions.
There are numerous examples of the cvaluation of
operational systems — evaluation 1s undertaken routinely in
connection with quality control and n connection with the
ongoing, longrange planning process that is part of most
operational systems.

Evaluation studies of operational systems have one or more
of the following purposes: (1) to discover whether and how
well objectives are being fulfilled, (2) to determine the
reasons for specific successes and failures, and (3) to
uncover the principles undeslying a successful program.
Questions for evaluation at the operational stage include:
How good 1s the technology? What cffects does it have?
Does 1t work as expected? The qualty of the results
(expected or realized) is weighted against the resources
required to implement.

Information upon which to base the evaluation of current
services is gathered from vanous sources' currently
collected statistics, measures of system performance or
effectiveness, and surveys. For example, the methods used in
designing an information retneval system for a group of
users (e g., in-depth interviewing and user profiles) can be
used to collect new data that, when compared with carlier
data, make it possible to evaluate the success of the systemin
attracting its target population

After the equipment has been installed and operational for
six months to a year, a post-implementation evaluation
might be performed. This evaluation will determine whether
or not the new system meets the objectives stated during the
planning, analysis and design activities. The evaluation
should be as objective as possible. Conscquently,
consultants are often asked to perform such evaluation. The
cvaluation results should feed back directly into the
planning process, initrating a whole new cycle.

Evaluation for Resource Management

We indicate that information center resources include staff,
collections, equipment and systems, facilities, supplies and
s0 on. Most information center budgets are based on such
resources in an optional way. This 1s as it should be because
an important part of center management 15 to allocate
resources. Part of a resource allocation involves the
allocation of funds among staff, systems, facilies, etc.
Another part involves allocation within resources. For
example, personnel management ncludes: (1)
determination of information center staffing patterns (Le.,
how many of the staff should be professional,
paraprofessional and support and at what level for each) and
(2) penodic review of information center units and
individual  staff members. System and equpment
management includes determination of system needs and
review of adherence of performance to contract
specifications. Facilities management involves determining
the location, size, ambience, and amount of research space,
reading space, staff space requirements, ctc. that are
necessary; including adjustments for growth and other
changes.

We suggest two basic types of measures for evaluating
resources. The first measure 1s of input cost, which s defined
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as the application of resources to various operational
functions and services. Input of resources can also be
described in terms of the attributes of resources such as staff
competence, cxperience, etc, or equipment speed,
refiability, etc., applied to the various functions. The second
measute is of the output of resources in terms of quantitics
and attributes. Performance of resources, then, includes
these measures and relationships between them (e.g.,
productivity). One can apply the results of such evaluation
to financial management including annual budgeting,
preparation of ad hoc modifications to the budget, and
monitoring adherence to the budget.

Evaluation for Opcrational  Function and ~ Servic~
Management

While most information centers mamtain detailed
acco.nting records related to resources, not nearly as many
maintaw: data concerning operational functions and
services. Yet functions and services are the essence of
information centers and should be routinely evaluated. The
data that are available usually concern output quantities
such as the number of items acquired, number of online
bibliographic searches performed and so on. Howe:xr,
performance evaluation must also include input costs and
the relationships of input costs (and resource attributes) to
output quantities (and attributes) such as quality, timeliness,
etc. Input costs involve summing all resources allocated to
an operational function or service, using a common unit of
measure (i.c., dollars). In order to do this, the amount of
resources such as staff time must be allocated to specifi¢
functions and services using cost finding methods.

Throughout the Manual we describe information centers in
terms of three kinds of functions: user-related functions
(e.g., reference, access to facilities and systems, access to
collection and materials, etc.), operational functions (e g.,
acquisitions, technical processing, etc.) and support
functions (c.g., management, administration, personnel,
finance, etc.). Functions are grouped in this way because
cach group has unique implications for evaluation
objectives, measures, and methods. For example,
cffectiveness of user-related funictions or services 1s
measured in terms of how output affects users; effectiveness
of operational functions is how output affects user-related
services; and effectiveness of support functions is how well
the center operates.

Evalunting Promotion, Marketing and Public Relanons
Functions

Even though promotion of an inforimation center, marketing
s services and public relations might properly be
considered support functions, we separate them out because
few information centers that we have evaluated perform
these activities well if at all. At minimum, evaluation should
include a determination of users’ knowledge and awareness
of information centers and their services. On occasion we
have had center managers or staff indicate that they do not
promote services because promotion will create additional
work and their budget will not support this. We have tried to
set forth an evaluation framework that will convince the
center’s parent organization or funders that the information
center should be used as much as possible because use of its
services will result in lower organization costs and better
operations,

L3 An Approach to Evaluation

Evaluation as disclosed in this Manual can be performed
from several perspectives. The most important perspective
is that of the information center with its operational
functions and user-related services. However, even though
evaluation may focus on a particular information center
resource such as staff, automated system etc. or on a service
such as online bibliographic search, the evaluation should be
done in a way that the other perspectives are considered as
well. In other words, evaluation should go beyond the
examining of performance of resources and services to also
establiching the effectiveness or consequences of them.
thus, fcr example if an evaluation involves online
bibliogriphic searching one can establish service
perfo mance in such terms as cost, quantities produced,
quality, timeliness, availability, cost per search, and so on.
However, one can also determine the effectiveness of
searching in terms of user satisfaction, amount of use,
purpose of use and consequences of use on the users’ work
(1.¢., users’ productivity, quality and timeliness of work, etc.).
Funders and users are interested in effectiveness as well as
in the performance of operations and services, and
oftentimes more so.

In Chapter 2 we sct forth a framework for performing
evaluation of information centers and services. In the
framework we suggest a hierarchical description of
information centers, including functions, services and
products, activities, resources and resource charactenistics.
Information centers perform three basic types of functions:
user-related functions (e.g., referencs, user training and
access to materials, equipment and facilities), operational
functions that support user services (e.g., acquisitions,
document processing, storage, etc) and support functions
(e.g., management, finance, personnel, etc.). Each function
can involve several services and products. For example, the
reference function might include referral, question
answering, reference searching, selective dissemination of
wformation (SDI services), ctc. For cach service a number
of activities (or tasks) must be performed in order to
perform the service or produce a product. For example,
activities for the service of reference searching include
interviewing users, developing search strategies, deciding on
search methods, actual search, screening output, presenting
results to users, etc. In order to perform activities there must
be resources such as staff, equipment, facilitics,
communication vendors, supphes, etc. Activities describe
what 1s done and resources are who or what 1s necessary to
perform activities. Finally, the .owest level in this hierarchy
includes characteristics or attributes of resources such as
staff competence (re., knowledge, skills and attitudes),
experieuce, education or equipment quality, rehability, etc.
One can address evaluation at any or all of the levels in the
hierarchy.

At each level one can measure input costs and output
quantities and attributes (e.g., quality, timeliness, etc.). Costs
can be aggregated or summed to obtain costs at each
subsequent level in the hierarchy up to the point that the cost
of the entire information center is measured. Thus, one can
“sct a value” un input costs and output at all levels, and also
establish relationships of input and output both within a
level (e.g, productivity or cost per unit) and among levels. As
an example of the latter, one should be able to establish the
relationship of a searcher’s competency to (1) input cost
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(salary), (2) output quantitics (nuwnber of searches
performed in a year) and quahty, and (3) productivity
(quantity divided by cost at diiferent levels of quality).
Examples of these relationships are discussed throughout
the Manual. In Chapter 2 — A Framework for Evaluating
Information Centers, the framework also shows that users’
vork involves a hierarchy of functions, activities and
resources (including information as one resource). One can
also show relationships between the use of information or
information service performance on users’ input costs,
output (quantities, quality, etc.) and productivity. This
provides a powerful evaluation and information tool for
information center managers.

We present a system of measures that one can use in
evaluation. Included are input cost and resource attribute
(e.g., staff characteristics) measures; measures of output
quantitics and attributes (cg., quality, timeliness, etc);
effectiveness measures (e.g., user satisfaction, amount of
use, purpose of use, consequences of use, etc.); and domain
measures (e.g, numbers of persons served, their information
needs, etc.). Measures by themselves convey hittle or no
meaning. Thus, we also present derived measures or
mndicators that yield greater meaning and usefulness. In
Chapter 3 Evaluation Measures, Models and Methods,
adapted from Keys to Success®, we show that data can be
presented in scveral forms, each of which conveys special
meaning. We give an example that demonstrates how one
can evaluate and derive measures to be most useful. Finally,
we list the many methods (e.g., cost finding, surveys, etc.)
that can be used for obtaining each measure.

Part 2 of the Manual begins with Chapter 4. This part
concerns Evaluation of Information Center Operational
Performance. Operational performance can involve any
level of the hierarchy of functions, services and products,
activities, resources and tleir characteristics as shown in
Figure 3. At each level, as mentioned above, there 15 a
measurable input and output. Operational performance
includes all the measures and derived measures associated
with input and output. The output quantities of some user
related services and products (e.g., reference requests,
interfibrary loans, etc.) are demand driven. That is, users
determine the amounts that are to be performed o7
produced. The demand, in turn, is dependent on a number
of factors such as output attnibutes (e.g., price, quality,
timeliness, etc.), distance to the center, number of hours of
opening, awareness of services, competition for services and
so on. The extent to which these factors affect demand for
services 1s the focus of Part Three. Part Two deals only with
operational aspects of information centers. As shown in
Figure 3, all levels of the hierarchy affect performance.
Examples of methods for evaluating the performance of
staff and automated systems are given in Chapter 5.
Measures are described for 60 major functions performed
ininformation centers and examples of staff productivity are
given for each. Finally, information center funders and
managers are becoming increasingly concerned with quatity
assurance. In Chapter 6 we provide a description and
examples for a formal Quality Assurance Surveillance
Program including quality control of staff-related activities.
Examples are also given on how to do quality assurance.

Both operational performance and effectiveness evaluation
often involve statistical survey or sampling methods. For this
reason we have devoted an entire chapter to this topic, —
Statistical Survey Methods for Evaluating Information
Center Effectiveness (Chapter 7). For surveys we provide

detailed descriptions of data ccllection methods, sample
design, questionnaire destgn, data processing, data analysis,
statistical analysts and presentation.  Strengths  and
weaknesses are presented for alternative data collection
methods such as self-administered questionnaires,
obscrvation of users in an information center, telephone
interviews, personal nterviews, indepth focus interviews
and group interviews. Various statistical sample designs and
sampling methods are discussed with some examples given,
Sampling and nonsampling error are described with several
numeric examples presented in detail including confidence
intervals and sample sizes necessary to achieve desired
levels of statistical precision. Nonsampling error is due to
communication and processing failures. These errors result
from poor questionnaire design, inadequate sample frames,
nonresponse errors, response errors and other sources of
error. Vanous means for avoiding these errors are discussed.

In Chapter 8 — Evaluating the Effectiveness of Information
Centers; Chapter 9 — Evaluating the Effectiveness of
Specific Information Center Services; and Chapter 10 ~
Evaluating the Higher Order Effects of Information and
Information Service Use, we give detailed sample methods
and suggested questions that can be used on a survey
questionnaire, With each question we discuss why the
question might be asked, problems with obtaining the data
or information and typical responses that might be expected.
The data are used to determine amount of use, satisfaction
with services and attributes of scrvices, purpose of use,
alternative sources of services and potential cost of using
them and consequences of use. Higher order effects involve
how information and services affect users’ work in terms of
thetr input costs and output qualiy, timeliness and other
consequences. Three example services are dealt with
particular detail: online bibliographic and numeric database
searching, Current Awareness Bulletins and journal routing.

In Part 4 — Evaluating Information Center Cost, Benefit
and Value, we show how one can link service output
attributes to user satisfaction and extent of use as well as the
higher order consequences of services. We also deScribe and
provide an example of a particularly powerful method and
model called conjoint measurement. This raodel provides a
means - . determuning the relative utility of service astributes
such as price, quality and timeliness (Chapter 11 — Relating
Information Center Performance to Effectiveness). A
special type of evaluation involves cost and benefit (Chapter
12). We consider costs and benefits to be unfavorable (costs)
and favorable (benefits) comparisons of alternatives.
Comparisons would be done for input costs, output
quantities and attributes, effectiveness measures and higher
order effects. An example of this kind of cost and benefit
analysis is given for a resourc. (staff) and a service (online
bibliographic search).

Finally, we devote a chapter to The Value of Information
Centers and Their Services (Chapter 13). Examples are
given for three perspectives on value. The first perspective is
what users are willing to pay for the service; particularly in
terms of their 6wn time. This value demonstrates that users
consider the information provided by information centers to
be of considerable value, usually three to cight times the cost
of the centers. Then we look at how much more it would cost
users to obtain the information (or services) if there were no
information center. This value is also usually considerably
higher than the cost of the center. Finally, we establish
measures of cost avoidance lost without services. This value
is usually even higher.
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We stress that the evaluation measures, models and methods evaluators use. The reader is referred to other approaches
presented n this Manual are not the only ones that demonstrated by the bibliography at the end of the Manual,
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Chapter 2

A Framework for Evaluating Information Centers

2.1 Background

Several studies by King Research 7 and others in recent years
89 have clearly demonstrated that information is extenstvely
read and used by professionals such as scientists, lawyers,
engincers, administrators, and so on. Readings of such
information are used for many purposes, including research,
writing, proposal developn.ent, management, marketing,
professional development, education, and so on. Each
purpose of use has some value, otherwis¢ professionals
would not devote their scarce time to obtaning, reading and
using information. One contribttor notes value of
information s in cost avordance; for example, by not having
to repeat research for which results are already available or
by avoiding a costly environmental control penalty. In the
literature and through one's own experience, anccdotal data
concerning such savings are available, particularly
concerning very large savings. ‘The King Research studics
mentioned above have attempted to estimate the total extent
of such cost avoidance by observing incidents of savings
from a random sample of scientists and determuning the
conscquences of thew readings of articles, books and
technical reports. All readings in 1984 of articles, books and
technical reports were estimated to yield $300 bitlion
savings to the scientific communmity in the U.S.". This is not
surprising when one considers that if scientists and
engincers were denied access to information, it is doubtful
that they could accomplish their work. Furthermore, in
addution to such savings attnbutable to information and 1ts
use, we have observed several indicators which show that
reading also contributes to improved quality, imeliness and
productivity of the user’s work.

Another way to emphasize the importance of teading and
keeping up with current research findings is to consider the
rapid growth of science and technology. The amount of
recorded literature doubles about every 15 to 17 years, This
means that all the scientific knowledge recorded throughout
the history ot mankind up to 1970 has now more than
doubled since that time and probably will double again by
the end of this century. This means that engineers or
scientists, upon graduating from college, will be exposed to
only one-sixth of the knowledge that they must master
during their careers. Because of the necessity to keep up
with the literature, scientists, engineers and other
professionals read a large number of articles, technicat
repor:s and books. Our research shows that alt professionals
in the US, such as scientists, engineers, medical
practitiners, lawyers, educators and businessmen, read
over one billion journal articles a year, and engincers and
scicntists account for nearly one-third of that amount'®,

Information Centers that serve companies, government
agencies, academic institutions, other organizations, and
individuals have been undergomg tremendous change. At
one time, such centers were concemed largely with books,
then they added serials and periodicals, Now they must also

store and provide access to government pubiications atwd
internal research, technical and other reports and, because
of new technology, they provide access to audiovisual
materials, equipment and software.

A number of other factors are changing 'the needs and
requirements of information centers and their users. They
must provide access to an accumulating body of recorded
knowledge. As mentioned above, since 1970 the amount of
knowledge recorded throughout the history of mankind up
to that time has more then doubled. One of the unique roles
of iformation centers and documentation centers 15 to
provide access to all of the published Iiterature. Naturaily,
they cannot cach hold all of the literature ever pubhshed,
nor even all published 1n a particular subject area, but they
do provide access to it through intermstitutional borrowing
from other centers or thiough document delivery services,
Thus, not only do information centers have to cope with an
ever increasing amount of new hterature, they currently have
to provide access to over twice as large a body of hesature in
1990 as they did in 1970.

Information Center users are becoming more information
intensive 1n general and are using such centers more
frequently now than they have in the past. For example, from
1977 to 1984 we observed from national suivevs that
engmeers and scientists have increased the proportion of
their reading from information center copices of journals by
nearly 50 percent', Furthermore, they use many
information services now that were not even known 25 years
ago such as online retrieval of bibliographic and numeric
data. They also provide other special information services
such as translation from foreign languages.

Information Center users are increastngly exposed to new
information technology. There has been a great deal of
discussion, 1 the literature, of how as the us.r becomes
more “computer and information hterate,” the mnformation
center will no longer have a role to play as intermediary
However, the opposite 1s observed in most environments.
Admittedly, users of information do perform some of their
own information searches, particularly when they have
become comfortable with available systems. However, as
they do more searching, they recognize that more of their
scarce ime is being taken up with information searching and
retrieval activities. They learn that there are a large number
and variety of sources of information to choose from, and
that the sources change over time in terms of coverage,
procedures for use, quality, etc. Once they recognize the
complexity of information searching and retrieval, they
begin to return to the information center as an intermediary,
particularly for thetr more complex requirements. However,
since their experience has given them a better awareness and
understanding of information systems, they are better able
to articulate their information needs, and they are more
sophusticated in terms of their expectations of and demands
on information center sefvices.




Because of the evolution of the information-secking
behavior of professionals, and the recognition of the
importance and value of informaton and information
services, many organizations arc evaluating their
intormation services to ensure that sufficicnt services are
being provided and that optimum return-on investment in
these services is being achieved. This chapter presents an
evaluation framework which can be used to: (1) assess the
information-sceking behavior of professionals, (2) establish
indicators of extent to which use of information affects their
work, (3) evaluate the performance of information center
operations and services and (4) determine the extent to
which information center services contribute to the use,
usefulness and value of information. By determining the
extent to which services contribute to users’ work,
information managers can perform a truly comprehensive
evaluation of operations and services. Such comprehensive
cvaluation establishes not only measures of input costs and
output quantities and attributes of all operational functions
and ervices, but also the relationships between (1) input
cost and output and (2) between output attributes and the
extent to which services are used and the effects of the
services on users’ work. We have found that information
center funders and high level managers relate very well to
this way of evaluating operations and services.

2.2, Framework for a Comprehensive Evaluation of
Information Centers and Services

Below we present an approach to data collection and
analysis for information center evaluation planning and
management through an example. The framework for this
example is displayed in Figure 4, There are three dumensions
to the framework. One dimension involves three
perspecaves on evaluation: the information center service
perspective (e.g., online searching), user perspective (¢.g., a
scientist conducting research), and the user’s organization
perspective. Decisions made based on any one of the three
levels will effect decisions based on the other two
perspectives.  For  example, if information center
management decides to improve its online searching by
hinng more competent information specialists, the quality
and timeliness of the searches should improve, Evidence
shows that improved service should result in (1) more
searches being performed, (2) users’ tune being saved, and
(3) improvements in output of users’ work, Smce users
contribute to the orgamization’s goals and mission, any
change in their work wilt have some effect on the goals and
mission, On the other hand, if users change the nature of
their work or alter their information-secking behavior, their
inforruation needs and requirements will change thereby
affecting the information center’s abihity to serve them,

We look at all three perspectives as i volving functions (or
services) whick consist of activities necessary to perform the
functions and resources that are necessary to perform the
activities (see Chapter 3 for a more detailed description of
these levels). This is the second dimension of the evaluation,
framework in Figure 4. From the center’s perspective, online
searching is a service; activities might include interviewing
users, negotiating the secrch, developing a scarch strategy,
conducting a search, reviswing results, providing results to
users, etc. Resources could include staff, terminals,
photocopiers, vendor services, reference materials, etc.
From the user’s perspective, functiors might include
research  engineering, management, legal  work,
professional development, etc. Resources would include the
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users” tune, information, support staff, equipment, ctc. used
to perform these functions. From the organization's
perspective, functions might be R&D, manufacturing,
marketing, etc. and resources are the sum of staff, facilities,
equipment, ctc. applied to the functions.

Each function or service, activity and resource has an input
costand an output associated with it. The inputs and outputs
are the third dimension of the evaluatton framework, We
refer to the apphcation of these resources (or resource
funds) as nput costs, The output of the functions (or
services), activities or application of resources 1s some
product or service. For example, the output of online
searching can be printouts or search results communicated
orally by the searcher. The output of users® work may be
documentation of their work in the form of laboratory notes,
techmeal reports, proposals, presentations, etc. Thus,
information serves as both input and output for users’ work
as discussed in more depth in Chapter 4. In addition to
identifiable output products or services, the outputs can also
be charactenzed by attributes such as quabity, umeliness, etc.
of the services or werk performed,

For the information center example in the Figure 4, the
service 1s online searching and resources are searchers,
terminals, scarch tools, support staff (cg, to do
photocopying, typing, etc.), communication, search systems,
photocopying, etc. Assoclated with the resources are cosir
which are dependent on the attributes of the resources
(arrow [a]). Output quantities are related to costs. Likewis.,
output (in terms of number of searches conducted, quality
and timeliness) depends partially on the attributes oi the
resources (arrow [b]). The relationships between resovree
attributes and input cost and output performance are quite
clear. For example, better searcher competencies (ic.,
knowledge, skills and attitudes) usually cost more (in
salartes) but should also yield more and/or better search
output. Performance of online searching can also be
measured by cost per search or productivity (searches per
hour or dollar cost). These relationships are also designated
by arrow (c). In considering productivity, we fecl that it 15
best to incorporate quality and umehne.s as well as
quantities produced, for example, by measuring cost per
search at discrete levels of quality and timelines: or at least
above an acceptable fevel of quality and timelness.

Similarly, laboratory research conducted by a scientist 1s
given as an example of an activity from the user perspective.
To perform this research activity, scienuists or other
professionals must have such resources as their own time,
equipment, instrumentation, facilities, support staff and
information. The amount and quality of information used by
the scientists depends partally on the output attnbutes of
the online search. This relationship is designated by arrow
(f) In turn, the amount, quality and tmeliness of
information will affect cost of performing the research
acuvity (arrow [g]) and output amount, quality and
timeliness of research (arrow {h}). Productivity of the
scientist is shown by (arrow (i]). Thus, the output of the
information service should affect the productivity of
scientists. Similarly the outputs of scientists' activities
should . tiect the input costs and outputs of their units, and
hence, the users’ organization as a whole (arrows [k], {1], and
|m)). Furthermore, the orgamzation's total input cost is
affected Ly the center’s cost (arrow [d]) and user's cost

(arrow [i]).
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Measures

For each information service one can define subactivities
and resources that are used in providing the services {A in
Figure 4). In addition to the numbers or amounts of the
resources, one can characterize them in terms of attributes
that are likely to affect input cost (B) and output quantitics
and attributes  (C). Such attributes include  staff
competencies (knowledgs, skills, attitudes) or indicators of
competencies such as educational background, training and
years of expericnce; equipment capabilities such as
communication rates, storage capacities, reliability, etc.;
photocopy or reproductior. quality; microfilm viewer
readability; and so on. Cost data can be subdivided mnto
fixed onetiine, fixed recurring and variable elements and by
direct and sndirect costs (see Chapter 4), Output (C) can be
identified and measured 1n terms of quantities produced,
quality (probably more than one measure per service),
timeliness (probably both by response times and by the
difference between negotiated time and actual time the
service is delivered) and any other attributes that might
aporeciably affect user satisfaction and contirued use of the
service. We have found that 1t is sometimes useful to set an
acceptable level of output quality and timeliness so that one
can estimate the frequency of unacceptable performance
and, perhaps, later implement a quality control program for
some services (see Chapter 6)

in particular, we suggest that evaluators should identify <he
functions (or activities) performed by users and determine
the extent to which they are performed (i.e., in terms of
hours spent) by users (D). For each function, the resources
used are determined, particularly in terms of the types of
information provided by the information center. One can
also collect data on attitudes regarding the relative
importance of information compared with other resources
used in performing the various user functions. The cost (E)
to users of identifying, acquiring and reading information
can be measured, These costs include user labor, support
labor, equipment, purchases of materials, information, and
so on. One can also measure indicators of user output ()
associated with each function. Such output mcludes number
of proposals or plans written, research reports (c.g.
laboratory notebooks) prepared, journal articles or other
publications written, consultations performed, and so on. In
addition, for crical ncidents one can estimate the
contribution that readings (of books, journal articles,
techmical reports, ctc.) inake to savings in labor and
equipment, improving quality or speeding up completion of
an activity, and so on. Finally, to the degree possible, one can
measure how user performance, in turn, affects the umt's or
the organization's total input costs and output.

Models

One can establish correlations and other quantifiable
relationships between information center input costs and
outputs; service outputs and user input costs or outputs;
userinput costs and user outputs; and user otputs and umt/
orgamzation input costs. These relationships or links can be
developed largely through correlation, multiple regression
and conjoint measurement models. Those models can be
applied using surveys (see Part 3) because the surveys yield
severai hundred observations of critical incidents. Conjoint
measurement permits one to determine the relative
contributions that service performance attributes make over
various levels' of the attributes. For example, one can
determine how much use would be lost over various
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combinations of search quality and speed of response (see
Chapter 11).

Other independent variables are introduced to account for
other sources of variation. Our experience has shown that
the measurable relationships become weaker as the ability
to observe or measure becomes more difficult. Neverthcless,
we have tound positive correlations in most such instances.
Cost and benefit analysis is performed by comparing cach
information service to its least expeasive alternative (or
alternative that is most likely to be employed by users).
Then, by application of the m»dels, one can compare the
current service with the aiternative in terms of: service input
costs, service outputs, user input costs, user outputs, and so
on.

2.3. Definition of Terms Used in the Manual

In recogmtion that ecvaluation terms have different
definitions and meanings in various professional fields or
specialtics, we offer the following definition of terms. These
dfinitions are provided to ensure a common basis for
rcading this manual.

®  Information Center— Aninformation center is defined
as a umt whose pnacipal function is to provide
information services on products for the benefit of
endusers  and/or  intermediary  organizations.
Information centers include organization hibraries (t.c.,
special  libraries, academuc  libraries, etc.),
clearinghouses, technival irformation centers, special
publication units, and so on.

®  Operational Function »r Service — Information center
operational functions and scrvices may be defined at
several levels. Examples of types of functions and
services include (1) technical functions such as
ordering or cataloging information materials, etc., (2)
user-related services such as reference or access to a
collection, or (3) suppori function provided by
administrators. Operational functions and services can
themselves be subdivided into the discrete activities
necessary to perform them (e.g., contacting a patron,
negotiating  what is needed, performing online
searches, reporting results, etc.). Each activity may
require several resources (e.g., staff, equipment, ctc.).
Products are usually the physical output of services
(e.g, print-out of an onlinc scarch), although every
service does not necessarily have a product.

®  Input— Several input resources are necessary to offer/
perform services. These include capital, staff,
equipment,  facilives,  information,  supplies,
administrative and support staff, etc. Input is
considered the application of these resources. Each
resource can be measured in several ways; for example,
staff can be measured in Full-Time Equival:nts,
number of persons, hours of work. or cost (salary,
fringe benefits, overhead).

®  QOupur — Measures of output of information services
include quantities of output (e.g., nnmber of items
acquired, number of items circulated, number of
searches performed, etc.) and output attributes such as
quality of service, timehiness of services provided,
availability and accessibility of mformation: center
materials, equipment, staff and facilities, etc.

®  Productvity — Productivity is 2 measure of the ratio of
output divided by input. It is formally defined as “a
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concept that expresses the relationship between the
quantity of goods and services produced —output—
and the quantity of labor, capital, land, energy, and
other resources that produced it—input” (US.
Department of Labor, Burcat of Labor Statistics,
Productivity and the Economy: A Chartbook (Bulletin
2172), Washington, DC: Government Printing Office,
June 1983.) Productivity is a derived measure which
tinks input and output. The weakness of the traditional
measure of produciivity is that there is an
interdegendence among amount of input resources,
input resource attributes, output quaatities produced,
and output attributes such as quality, timeiiness, etc.
For example, a center staff's competency will affect
both input (amount of time and cost necessary to
perform a service) as well as output (amount. quality
and timeliness of service). There is usually an inverse
relationship between mput awmount of scrvices
produced and sert ice output quality, imeliness, etc.

Performance — Performance is «n indication of how
well a service or activity is performed. It can be
measured in terms of the input costs and output
quantities produced. quality, timeliness, availability,
accessibility, etc, Other indications of performance are
produciivity, efficiency (ic., how close services or
activities cuine to acineving some maximum), etc,
Output atributes relates to the cfficrivencss of
services (see below). Measures of productivity,
efficiency, etc., are measures which are internal to the
service and they can be used to help manage an
information center.

Effectiveness — Effectiveness is measured from the
perspective of the users of information center services.
Examples »f measures of cffectiveness include user
satisfaction wnh a service, repeaied use of aservice and
number of times . service is used (first order cffects).
Higher order effects include effect of services on the
user’s rescarch and consequences of the user’s
research, improved pre  uctivity of the user’s operation
or research, etc. Presumably, improved service quahty,
timeliness, avarlability, cte. chouid result in greater user
satisfaction, repeated use and the number of times a
service is used. Thus, irformation center service
output attributes affects the effectiveness of the
service.

Cost and Benefits — The costs (1.e., detriments) and
benefits of an information center scrvice are the
unfavorable and favorable comparisons of a service
with alternative services, in terms of differences in
input, output, periurmance and effectiveness. For
example, the value added by a service could be that the
service costs less than an alternative service, and/or the
service is better than the alternative i termas of
performance or efiectiveness. Such an alternative to a
service might be for users to perform the work
themsclves or to engage a consultant or company to
provide the service to them.

Indicators — Sometimes it is not possible to measure
mput, output, performance o1 cffectiveness directly.
Thus, indicators must suffice. Indicators of a center
staff member’s competency are  degrees  held,
umiversity attended, professional awards given, elected
position in a professional society, etc. Indicators may
be needed for higher order effects. For example, one
mdicator of research output is number of laboratory
notes or articles written which report the research.

Fuctors That Affect Information Center Service Input,
Vutpnt, Performance and Effeciivencss — Factors that
affect input might include staff characteristics,
equipment attributes, etc. Examples of factors that
might affect output or performance (in addition to
amount of input resources) are management (policies,
capabilitics, attitudes, etc.), physical environment,
attitucte or capability of users, etc. Factors that might
affect effectivencss  (in addition to  output
performance) are user awareness of, attitudes toward,
or perception of an information center, a charge for the
service, distance to the service, communication
constramnts, etc. Some factors are internal and,
therefore, controltable. Other factors are external and
less controllable by information center management.

Linkage of Information Center Services’ Input 1o
Output, and Center Service Performance 10
Fffecnveness -~ Linkage is achieved through
correlation and/or mathematical models which show
that {1) output quantities and attributes are related to
input resources in addition to other factors, (2) first
order effects (e.g., frequency of use of a service)
depend on output attributes in addition to other
factors, and (3) higher order effects depend on first
order cffects.
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Chapter 3

Evaluation Measures, Models and Methods

3.1 Background

The heart of the evaluation of information cnters involves
measures, models and methods. In this chapter (partially
adapted from Keys to Stccess) we discuss some concepts of
these three components of information center evaluation.
As stated earlier, the concepts we present are by no means
the only way of looking at evaluation nor are the measures,
models, and methods the only ones used for evaluating
informaticn centers and services. However, over the years
the approach presented here has been found to be useful for
evaluating a large number (about 300) of information
centers, libraries, clearinghouses, publications, online
services, centralized and decentralized automated systems,
library networks, and a host of other information services.

Evaluation measur * are the “vaiues” measured or placed
on information ceneeis operations and services. In Chapter
2 we presented a particular framework for evaluation. Here
we present examples of measures related to (1) input cost
(i.c., amounts o; resources or money applied to operational
functions or services and attributes of these resources), (2)
output (ie, the quantities of operational functions or
services produced and attributes of the output), (3)
cffectiveness (i.e., satisfaction with services, amount of use,
purpose of use, consequences of use), and (4) domain (i.e.,
descriptions of the environment served by the information
center).

The individual measures alone do not convey much
meaning. For example, knowing that staff input costs are
$140,000 for online bibliographic search services is not
particularly useful without some context such as timeframe,
number and cxperience of staff, number and type of
searches performed, etc. For this reason, we present some
relationships among measures which we refer to as models.
These models provide more useful tools for evaluation and
decisionmaking than measures alone. The simplest of
relationships are ratios (e.g., number of items produced per
hour of labor) or averages (e.g., average number of searches
conducted per user). More complex models include
statistical correlation, multiple regression and conjoint
measurement, and operations research models including
Gueuing, Markoff chains, etc. As Meadows' points out, there
are several other types of models as well, including non-
quantitative models, The reader is referred to his paper and
those of others to become familiar with the range of models
available for evaluation,

In this Manual we focus on three particular methods: (1)
cost finding for measuring input costs and output, (2) quality
assurance surveillance, and -(3) statistical surveys. Cost
finding involves nonexact, but very useful methods for
measuring costs and output quantitics. A chaptet is devoted
to measuring output quantities and attributes such as quality
and timeliness in order to assure that acceptable levels are
continually achieved. We also devote several chapters to
statistical surveys since they are used to measure the
effectiveness of information centers and services. Finally, in

Part 4, we discuss cost and bencfit analysis and measures of
the vaiue of information centers and scrvices. The
remainder of this chapter discusses some of the concepts of
evaluation measures, models and methods.

3.2. Evaluation Measures
Definition of Measure

For the purpose of this manual we define “measure” as
follows:
Measure: Generically used to mean any process for
describing in quantitative values; things,
people, cvents, ctc. Measure also means the
value being measured.

In the Manual we use measures as a generic term which
reflects a number of commonly used measures in evaluation
suchas:

To measure distance {c.g., the number of feet or meters of
shelving) or the square feet (meters) of floor space.

To count the number of people on the staff or number of
visits to an information center.

To record the duration of the time required to respond to
online search requests or the amount of time required to
actually perform a search.

To observe what users or staff are doing at a point in time
such as doing research at study tables or reshelving
documents.

To survey users to determine their satisfaction with services
or their number of uses of a service in the last month,

"To compute costs of resources or services.

In this manual we most often use the term “measure” to
mean the values bemng measured by the processes of
measuring above. There are two components of measures:

Numenric Values measured such as 12 staff members, 12
dollars, J2hours, 12 searches performed.

Units of measure such as 12 staff members, 12 dollars, 12
hours, 12 searches performed.

Part of the definition of evaluation measures includes the
context within which the measures are taken. Such a context
should include at a mmimum:

Method used. For example, if a survey is used it should be
described in some detail somewhere in the report and
mentioned in any tables presenting the data so that one can
refer to the description.
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Context of unirs measured. For example, if staff counts are
given it is important to specify what types of staff (e g.,
professionals, paraprofessionals, clerical, etc.,) whether the
count is of all staff (i.e., a head count), full-ime equivalents,
etc.

Time period in which units are measured. For example, if cost
finding is used to estimate staff cost of searches, the time in
which cost allocations are made should be specified (e.g., fall
of 1990 or March 1990).

All of the above should be included in describing or
reporting measures.

Generic Types of Measures

Evaluation of information centers involves four generic
types of measures including tnput cost measures, output
measures, effectiveness measures, and domain measures.
The first two types of measures (input cost and output)
involve information center operations and they, individually
or together, help to establish the performance of resources,
activities, services, functions or the cntire information
center. Such measures include the amount and attributes of
resources applied to services and output quantity and
attributes of services. Effectiveness measures are those
involving the effects of center services from the perspective
of users such as amount of use, purpose of use,
consequences of use, etc. Lomain measures involve
descriptions of the environme’t or context of the
information center. Such measures iL clude the total number
of persons in the service populatii t, their information
needs, etc.

Information center performance 1s largely controlled by
center management. For example, a management decision
to hire online bibliographic searchers with subject
knowledge affects input cost (because their salaries are high)
as well as output quantities, quality, timeliness, etc. If mput
costs or output are not satisfactory, management can correct
the situation through training or firing and re-hiring, ete.
However, management has less direct control over center
effectiveness because there are so many external factors that
affect the extent to which scrvices are used and the
consequences of that use. However, management can react
to these factors with proper knowledge of them and how
they affect use. Managers have almost no control over
domain measures. Nevertheless, knowledge of them: is very
important to center managers (and staff as well). Examples
of the four types of measures are given below,

Input Cost Measures

Input cost measures include:

®  Amount of resources applied to operational functions
and services,

Relevant attributes of resources applied to services.

Amount of money applied to servicss: where moncy
(i.e., dollars, pounds, francs, etc.) is a common unit that
can be applicd to all resources.

Examples of quantities and attributes of resources are
as follows:

RESOURCES QUANTITIES ATTRIBUTES

Statt No of peopie (head Level (i 0, prolessonal
count), 6o of howrs para protessional,
worked full time equr ciencalieuppont),
valents (FTE's) competence (knowiedge

skifig, stotudes), sducation,
yews of #xperience

Cotaction No of tittes in Type of materias (ie, books,
collection, no of periodicals, audiomsuals
ties purchased, techrncal teports), subject
no of tems/pieces classfcaton media (ie,
purchased print/paper, microlom,

electronic), age
No of preces of Type of equipment,

Equpment and equipment appitation, age, rekabity,

Systoms speed make and model

Facitties Area (floot space), Functronal aress, man vs
no of foors, no satelite branch, and special
of sites attnbutes such as handicap

entrance, amblence, etc

FinsenciayCost Oollars, pounds, Allocations of funds, appii-
frarcs, otc caton of funds, crect vs

indiect fixad va vanable (see
Chapter 4)

Input costs of operational functions and services are the sum
of all resources applied to the functions or services.

Output Measures

Corresponding to input costs are output measures which
include:

®  Quaniities of outpur of services and operational
functions are measures of the numbers of transactions
or items provided. Such quantitics of services can
include, for example, number of scarches performed,
number of documents provided or made available, or
number of documents photocopicd, etc. Examples of
operational function outputs include number of items
catalogued, number of items ordered, and so on.
Quantities of output should correspond to the same
time period and attributes of resources as were used to
measure the service input costs. Each unit of output
has inherent attributes associated with 1t such as
quality, timeliness, availability and accessibility that
should be measured.

®  Quality is a generic output measure which describes
the grade or “goodness” of information center services.
Quality is measured less frequently for services than
timeliness, availability and accessibility. Furthermore,
it is difficult to identify and measure quality attributes
for many services. Examples of quality measures
include relevance of search outputs, accuracy of
cataloging, or level of excellence of activities. These
measures must be carefully defined. Sometimes quality
cannot be measured directly, in which case, scale
values, (e.g., a scale of 1 to 5) are used. Quality should
be measured for specific units of output, (e.g., an item
cataloged, a reference search, etc.). However, all
transactions or units of output need not always be
measured since sampling methods can be used.

®  Timeliness of user services involves an elapsed time
between request and receipt of the output of a service.
The elapsed time can be measured in minutes (e.g.
with circulations) hours or days. For some services
(eg, online database searching, interlibrary
borrowing, etc.), it is useful to establish a time by which
users require a response and measure the difference
between the elapsed time and the required time. For
example, a user may require search results in three days
to pregare a report. If the elapsed response time is fonr
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days the difference is one day late. Anoth. daser may
require the results in five days. If the elapsed response
time is four days, this user will be much happier than
the user who required the response in three days. Just
as with quality, timeliness should be measured for
specific units of output.

A principal measure of availabilityis number of hours
of service, (e.g., number of hours of service per day or
per week), or number of person hours of service, (e.g.,
number of hours of service times the number of
persoas providing the service during those hours). The
spread of hours of availability over a week, (e.g,
morning, afternoon, evening and weekend hours) is
also a measure of availability. Another example of
availability is the specified loan period of materials.
Availability is usually measured for a service, but not as
a unit of service output.

One measure of accessibility is the distance of the
service (or information center) to the user. Distance
can be measured in feet or floors in a building, or in
terms of a surrogate measure such as time (eg,
minutes). Waiting time (e.g., in service queues) is an
important measure of service accessibility. The time
taken by users to get to an information center and
waiting for services is a portion of the “price” paid by
users to use center services. The more users are
required to “pay” in terms of their own time, the less
likely they are to use the services. Accessibility to
collection, equipment, etc. is of particular concern to
users. Materials may be inaccessible if kept in a remote
storage or compact storage. Public access terminals
may be inaccessible as a result of extensive use. Finally,
accessibility is an important consideration for people
with disabilities. Physical accessibility can be assessed
in terms of the existence of special facilities such as
wheelchair ramps or by rating the degree of
accessibility using scales (1 to 5). Psychological
barriers to using an information center can also create

_accessibility problems. Perceptions of accessibility to

the center and its services on the part of the population
served will have an effect on the amount of use that is
made of them. Distance is observed for the entire
center or for specific services by individual users.
Waiting time involves specific service transactions,
whereas remote storage, etc. mvolves certain items of
collection or equipment.

Effectiveness Measures

Effectiveness measures include:

The amount of use of aninformation center orazy of its
services is an important measure of effectiveness. The
more a center or its services arc used, the more
effective it is. The amount of use of a center can be
measur2d by the number of visits to it, although there
are other forms of use such as telephone calls to a
reference service. Amount of service use can be
measured in several ways. Collection use can be
number of items loaned or amount of reading. Uses of
services should clearly define and specify what is
meant by use, such as requests for reference service, or
number of items provided, use of photocopying
equipment (ie, an occision of use, an article
photocopied or a rage photocopied). For some
services, the amount of use is the same as the amount of
service output. These amounts are usvally demand-
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dnven. That is, the amounts are largely determined by
users and the extent to which users will use these
services depends a great deal on output and service
attributes such as quality, timeliness, availability and
accessibility. On the other hand, the amount of usc of
some services such as access to materials do not
correspond to output quantities, (e.g , number of items
in the collection).

Just as with operational function and service outputs,
cach service and unit of use has associated attributes
that can affect to the extent of use. These attributes
include users® perceptions of service performance,
their expressed levels of satisfaction with services, their
indicated importance of the services to them, the
purposes for which services are used, and
consequences of their use. These attributes are very
relevant to the use, usefulness, and value of
information  centers.  Additional  effectiveness
measures are as follows:

Users’ perceptions of services and service attnibutes can
be measured by their rating services and attributes.
Service ratings can be measured 1n general or for
specific attributes of service. For example:

General service performance rating of reference
services:

Neither

Very Good Very

Bad Bad

1

Nor Bad Sood Sood
2 3 4 5

Specific attributes such as relevance of response:

Not at
Al Minimally Very Extremely
Belevant felgvamt  Relevant  Relovant Bolevant
1 2 3 4 5

Very
Dissatisfied Dissatisfiad Dissatisfied Satisfied Satisfied
3

Some service attributes are readily observable and
measures of users’ perceptions are not always required.
For example, response time should be known by both
the center and the user and, therefore, measurable by
recording at the center and/or reporting by users (on a
survey questionnaire).

User expressed satisfaction with information needs and
service requirements determine to a large degree the
extent to which services will continue to be used. It 1s
difficult for users to express satisfaction with how well
services meet their information needs and service
requirements, but they can quite easily rate their
satisfaction on numeric scales. For example, users can
rate their satisfaction with timeliness of response of a
reference search as follows:
Neither
Satisfied
Nor Very

1 2 4 5

Satistaction probably should be measured in the
context of either specific needs or specific
requirements. For example, one should measure
satisfaction with reference response tume and/or with
relevance of response.
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®  Another measurc related to satisfaction is the
importance of information needs or requirementsor of a
service. High satisfaction with low importance for
timehness has significantly different meaning (at fcast
in terms of repcated use) than high satisfaction with
high importance. Importance can (and should) also be
measured for services in general and for specific
attnibutes of services. Importance can also be
measured with rating scales.

Importance of photocopying services:

Neither
important
Nor Very
Uni rtant Uni Ll U i L r h Lad
1 2 3 4 5
Importance of amount of charge for coin-operated
machines:
Neither
Important
Very Nor Very
Voimpodant Unimpordant Unimportant impodant  Important
1 2 3 4 5

If interested in comparing across services an information
center can have users rank scrvices i order of their
importance.

One can rate importance of levels of availability such as loan
period:

Neither
of Having important
Loan Perod Very Nor
More Than P P Impx
One Week | 2 3 4 5
Two Weeks 1 2 3 4 5
Three Woeks 1 2 3 . 5
Four Weeks 1 H 3 4 s

®  There are many measures of use of information center

matentals and services, each of which has some
implication for the consequences or value resulting
from the use of the centers.

®  Weoften characterize purpose of use by type of work or

other function fo- which the information or services
are used. Such t,.e of work mught incluae research,
engneering, legal work, medical care, management,
financial work, marketing or sales.

®  Consequences of use can be expressed in terms of how

infsunation provided by information center or
services affects users’ work (i.e., input cost, output
quantities, quality, timeliness, etc.). Even through one
cannot always place values on such consequences of
use, it 1s uscful to consider them and at feast make
statements about these consequences.

Domain Measures
Domain measures mnclude;

®  Total number of persons in service population: head
counts, FTE's

¢  Total number of persons in user population: head
counts

¢  Autributes of persons in target and user populations-
field of specialty (i.e., chemistry, faw, =ngineering,
medicine), work roles (R&D, administration, legel

work, operations, marketing, ctc.), age or years of
experience, degree level.

®  Information behavior: amount of reading, information
media 1sed, sources of information used, amount of
writire sumber of presentations, number of
consultations, etc.

& Information need: number of persons having need by
type of information needed (research results, census
data, legal briefs, etc.), purpose of use of information
(see above).

¢ Importance of information as a resource: rating of
importance of information onscalesof 1 104, 1 to 5, or
o7

3.3 Evaluation Models

Evaluation measures by themsclves do not always provide
sufficient information for operational decisionmaking,
design, planning, and so on. For example, knowing the costs
of services or the output quantity is not nearly as meamngful
to consider as the two measures together; ie., cost per
transaction or number of transactions per nput cost (i ¢.,
productivity).

An example to demonstrate how relationships between
measures can reveal useful management information 1s
given below. In the example assume that information center
staff is observed for a period of two weeks and that 50 staff
members spend anywhere between one and 50 hours
providing a service (.., document ordering) or operational
function (e.g., acquisitions). Hypothetical results of staff
hours worked and number of units of output produced (50
staff members) are given below:
EXAMPLE OF VALUES FOR DETERMINING RELATIONSHIPS BETWEEN
OUTPUT

STAFF INPUT AND
50 STAFF MEMBERS OBSERVED OVER TWO WEEKS

Hours Units Hours Units
Worked Produced Worked  Produced
®) [ x [}
18 102 3 121
19 116 10 25
S 43 23
8 28 2% 191
25 140 14 65
2 182 24 121
4 12 2 1
46 281 47 265
37 235 R 146
12 46 12 38
16 ] 17 60
34 210 35 190
36 230 41 211
7 21 5 17
44 270 24 121
27 138 27 140
6 18 1 2
42 21 = 76
38 268 33 185
19 128 16 61
29 185 13 45
34 205 46 210
50 242 <5 20
2 5 3 4
23 138 2 75
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The total number of hours worked by these 50 staff
members during the two-week pertod 15 1,254 hours and
they produced 6,787 transactions or units. Neither of these
two measures has much meaning alone, nor do averages of
hours per staff member (25.1 hours per person) or umts per
staff member (135.7 units per person). However, relating the
two measures such as average number of units produced per
hour begins to bave some useful meaning (5.4 units per
hour). If the number of units produced by the information
center is increasing each year from about 176,000 units in
1990 to 220,000 in 1991 the center must budget for about
8,148 more hours to do the work (i.e., 44,000 additionat
units divided by 5.4 units per hour). Or if the average hourly
rate is $12.00, the budget increase would be about §97,800
(1-¢., 8,148 hours times $12.00 per hour).

The relationship can be displayed in graphic as well as
tabular form as shown in Figure §. Again, the data displayed
as such do not convey a great deal of meaning. Using linear
regression the relattonship provides some more quantitative
information through the following equation:

y=a-+bx
=25+ 6.4x

where y 1s units produced and x 1s number of hours worked.
This equation is represented in the figure by a straight line.
Using the equation one can approximate or estimate the
number of units one would expect from a staff member
working between 1 to 50 hours in a two-week period. For
example, if one works 30 hours, one would expect a person
to produce about 167 units. Also, one can assess an
individual’s work to sec whether the staff member's
productivity 1s above the line (good) or below it (bad).

400

Yo 5 64x

f
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Fig.5 Relationship of number of hours worked and
number of units produced

However, there 1s more information in the data than
revealed by the relationship expressed by mere average. For
example, by grouping the data by ranges of hours worked as
shown in Figure 6, we find that the staff are much more
productive, if they work more heavily on the service.

That is, the staff who work less than ten hours on the service
over two weeks only produces an average of 2.73 units per
hour. If they work 11 to 20 hours they produce an average of
4.66 units per hour, all the way up to 5.8! units per hour for
those who work 41 to 50 hours. This relationship (indicator)
given by the hypothetical example is not unusual for
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g-18 11-20 21-36 31-48 41-58
NO., OF HOURS WORKED

Fig.6

information center services or operational functtons. With
such knowledge, center managers can improve productivity
by centralizing services or batching services. If this can be
done for the entire year (1990 in the example), the work can
be donenabout 29,830 hours instead of 32,600 hours, thus
saving §33,240. (i.e.,, 2,770 hours at $12.00 per hou }

Other factors such as years ¢xperience can contribute to
productivity as well. In the hypothetical example, this staff
attribute is distinguished by the two columns of numbers
above, where the first two columns are experienced staff and
the second two columns are inexperienced staff. When
productvity is calculated by level of experience for the
amount of time worked it 1s found that experienced staff
average 6.02 units per Lour and inexperienced staff average
4.74 umts per hour.

AVERAGE PRODUCTIVITY OF EXPERIENCED AND INEXPERIENCED STAFF

Experience

No of Hours

Worked Experienced nexperienced A
¢10 304 23 2N
110 548 37 468
2130 548 448 466
31 40 841 493 525
4) 50 ez9 530 581
ALL 802 474 540

Thus, expenienced staff would appear to be more productive
and this is true at all levels of amount of work. However, an
important question is whether it costs experienced staff
more per unit since they are paid more. If experienced staff
is pard $14.00 per hour and mexperienced staff $10.00 per
hour the cost per unit produced for expertenced staff is
$2.33 per umt ($14.00 per hour divided by 6.02 units per
hour) and the cost per unit for inexperienced staff is $2.11
per unit (§10.00 per hour divided by 4.74 units per hour).
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Consequently, for this particular example, 1t would cost
slightly less for nexperienced staff to do the work. Overalit
would cost about $37,994 less per year to have all the work
done by inexperienced staff. The total cost of producing
176,000 units based on the calculated productivity levels by
levels of experience and number of hours worked are as
follows:

COST YO PROOUCE 178000 UNITS BY

3.4 Methods

A listing and description of measures were presented in
Section 3.2. The principal measures include: input costs,
output quantities, amount of use, number of users, user
satisfaction with services, numbcr of persons in the service
population, user needs and proportion needs filled. Each of
these measures has associated attributes that can also be

ERENCED AND INEXF STAFE measured. Several basic methods can be used for obtaining
the r es: internal and external surveys, resource
Mo of Hours Experierce allocation, staff records, other information center records,
worked Bpermnced A A local authonty records, census data, peer review and expert
review, Examples of the methods used for cach measure are
010 810828 $785 368 7735 presented below:
110 449808 474394 483219
2130 414818 3922887 42266
N 40 384399 335990 370528
4150 391,733 2018 263511 MEASURES METHOOS
A¥ $409 %0 $371 %00 1144 SERVICE INPUT COSTS

We have found several relationships to be good indicators
for evaluating information centers. These indicators are
summarized below.

PERFORMANCE INDICATORS MEASURES

Amount of (850u1Ce3 Obsarve payments, record staftlogs, stc , cost finding for alocation

of resowces

OPERATIONAL PERFORMANCE INDICATORS (Reiate input to Output)

Productivity Output Quantities/input Costs
Cost Per Output Input Costs/Output Quantries
Cost By Attribute Levels Average Input Costs By Levels

of Output Atiributes
Productivity By Attridute Productivity By Lavels of Out-
Levels put Attributes

EFFECTIVENESS INDICATORS (Relate Output 10 Use)

User Satisfaction Satisfaction Ravng Scores/
Number of Ratings

Turnover Rate Amount of Use/Output Quantities

Amount of Use By Average Amount of Use By Levels

Attinbute Levels of Qutput Attribute

Satstacton by Attnbute Average Satisiaction By Lesols

Lovels of Qutout Attribute

Amount of Use By Avorags Amount of Use By Loveis

Satsfaction Leves of Satistection

COST EFFECTIVENESS INDICATORS (Relate Input to Use or to Domain)

Cost Per Use input Costs/Amouat of Use

Cost Par User lnput Costs/Number of Users

Cost Per Capits input Costs/Number in Service
Popuistion

Cost By Sstsiaction Average input Costs By Lovels of Levels
Satisiacton

IMPACT INDICATORS (Retate Use to Potential Use or to Domain)

Users as a Proportion of Number of Users/Number in
Populaton Service Poputation
Uses Per Caprta Amount of Usa/Number in

Bervice Popuistion
Needs Filt Rate Number of Needs Filled/

Number of Neads identifiedt
Amount of Library We Amount of information Center Use/
By Productivity User Productivity
Amount of Ubrary Use Amount of information Center Use/
By Attribute Lavels User Quiput Aftributes

SERVICE OUTPUT

Quanyty of output Staff records conter records itenal surveys

Quakty of output Observation, Internal SUNVeYs, peer review, expen review

of output Staf rocords

Avaiabiity Centor (000108

Accesadility Stalf records, Vistor suivey, genersl Lse Suvey, SPECIC sorvice
Uy, populaton survey

SERVICE EFFECTIVENESS

Amount of Use Lbrary recoras VISROf Survey, Qenarsl Usar Survey, SPICIiC senvce
SUVeY, POPUSLION SUNeY

Number of Users Library records ViSO Survey General user surnvey 3pecific user
Suvay, popuistion turvey

User Perception of

Altrbutes Vistor Suivey, general USHr Sy  SDECAC Sewic) Sunvey
populstion suvey

User Expressed

Satsfacton Vistor survey, Genersl user Survey, SpCIiC service survey,
POPUIALON SUIVeY

User Indicatod Importante  Visitor sucvey, Qeneral user survey, Speciic service survey,
POPUALEN SURVSY

Purpces of Use ViSROr Survey, genaral USer Survey, SPACIC Serice Sunvey,
popuistion survey

Consaquence of Use Vistor survey, Genersl user survey, spaciic sorvice Survey,
popuistion survey

SERVICE DOMAIN

Number of Persons in @ records, teip
Populstion Survey

Number of Nesads Popuistion Survey, vistor survey, gInersl user survey, Speafic
SHIVICH Survey

Number of Nesds Filed  Population Survey, vistor survey, general Lser survey, spectic
service suvey

Some basic concepts of measures and methods are
discussed in Parts 2 and 3. Also detailed discussions on
measuring staff costs, measuring the costs of other
resources, measuring output quantities and attributes, and
measuring service effectiveness and domain values are
presented in those Parts.
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Chapter 4

Concepts for Evaluating Operational Performance

4.1 Background

This chapter provides concepts for evaluating operational
performance. A description is also given of a system of
measures that can be used by information center
management and those concerned with the overall budget
and operations of the center. In particular, evaluation and
the system of measures are designed to assist in the following
functions:

®  Monuoring information center operations for control
of resources, prevention of undeswred problems, and
diagnosis when trouble occurs, in order to treat the
difficulty.

®  Financial management, including annual budgeting, ad
hoc modifications to the budget, and adherence to the
budget.

®  Personnel management, including (1) determination of
mformation center staffing patterns and (2) periodic
review of information center umts and individual staff
members.

®  Systems and equipment management, including
determination of system needs and review of
adherence of performance to contract specifications

®  Facilines management, including adjustments to
growth,

®  Planming, including setting measurable objectives and
determining strategies for change.

®  Marketing and public relattons for achieving objectives
and following strategies.

We refer back to the conceptual framework for evaluationn
Chapter 2.

Evaluation is done from three perspectives: information
center operations, center users (principally professionals)
and their work, and the users’ organization. The reason that
we suggest that one focus on more than the informatioh
center operations 1s that the center services are likely to have
a significant effect on the work of professionals.
Furthermore, the better these services are provided the
greater the benficial effect on users. We also have found it
useful to thinl: of the information center operations in terms
of functions, services, activities and resources: each of which
has input costs and output quantities, quality, timeliness, and
so on. User’s work processes also have inputs and outputs
which are affected by the center services. A system of
measures can be derived to relate the center outputs to their
effect on users’ work, at least through indicators. The
framework in Figure 4 Chapter 2 shows how this can be
donc.

In the figure, the information center is shown to have
functions; each of which have inputs and outputs. The inputs

involve the application of resources such as statf, equipment,
facilities, etc., which are necessary to perform the functions.
We have 1dentified a number of general functions and six
categories of resources which are discussed in detail in this
Manual, The resource inputs are the cost of resources (e.g.,
salaries and wages of staff, allocated equipment costs, rent
or space costs, etc.) and the resource outputs are the amount
of staff and their time, equipment amount and time, etc. that
are avallable to address the service needs of the
organization,

The inputs for services and functions, then, are the total
application of resources or total amount of resources
necessary to perform the functions (¢.g,, $200,00 or the sum
of individual resources such as two staff, one terminal, 400
square feet of facilities, etc). Outputs for services and
functions are measured in such terms as quantities produced
and output attributes such as quality, timeliness, availability
and accessibility.

Performance of staff (or other resources) can be measured in
terms of their output (e.g., 2,000 online scarches performed,
average rating of relevance of search output of 4.21, average
response time of 2.4 days, 3,000 hours of staff available to
perform online searches, etc.). We consider such simple
measures to be output attnbutes. Performance can also be
measured by relating outputs to inputs. Productivity (which
15 output quantities divided by input costs or amount of staff
time) is the most common such measure. For example,
productivity might be 0.01 searches per dollar or 067
searches per labor hour. The inverse of productivity is easier
to interpret: $100 per search or 1.5 labor hours per search. It
is also possible to relate input costs or labor time to level of
quality. For example, if rating of quality 1s one to five, (where
one is the lowest quality and five is the highest quality), one
could compare average cost nccessary to achieve five levels
of quality as, for example:

Lovel of Quallty  Avg.Cost Avg, Hours of Labor

One $45 09 $18
Two $50 1.0 $20
Three $ 60 1.2 $25
Four $ 80 15 $35
Five $110 20 $50

Thus, one can establish how much it costs to achieve various
levels of quality (and timecliness, availability and
accessibility, for that matter). The input costs can vary by
such factors as type of search (e.g.,, quick look-up vs. in-
depth) and attributes of resources (e.g., level of searcher
knowledge, skills, attitudes, terminal baud rate, database
used, etc.) which affect input costs and effort of searchers,

Users’ work processes also have input resources and costs
associated with them. One of the most important resources
used by professionals is information, which is often obtained
through or by the information center. The cost, amount,
quality, and timeliness of the information as a user resource
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is partially determined by the output performance of the
center. We have shown in our studies that the extent tc which
the center services are used depends on such factors as user
satisfaction with service performance, awareness of
services, availability of services (e.g., hours of opening),
accessibility of services (e.g., distance to the center), and
perceived relationship of price (i.c., cost to use) and value of
services, We consider cffectiveness of the information center
to be measured in svch terms.

Performance is viewed from the perspective of the
information center. Center management can control
performance directly by decisions concerning operations
and resources and how they are allecated. Effectiveness 1s
viewed from the perspective of users. However, center
management can ont indirectly affect the effectiveness (1.e.,
the consequences) ¢. center services because so many
factors other than center performance contribute to
cffectiveness (i.e. determine extent to which services are
used). In addition to output performance, other factors
which are related to effectiveness of center services tnclude
extent and type of information needs, availability and cost of
alternative sources of information, knowledge and attitudes
of users concerning center services in general, weather, and
so on. Nevertheless, measures of effectiveness are important
to observe and linkages of measures of input or output of
center functions to ecffectiveness measures are useful
indicators and decision-making tools.

Effectiveness of information center services can be
measured 1n terms of extent of use, amount of repeated use,
user satisfaction with quality, timeliness, availability and
accessibility of services, proportion of service needs that are
met (1.c., so-called fill rates), and so on. In addition, one can
derive a whole range of other measures that provide
indicators of the performance apnd effectiveness of center
operations and services

Derived measures would include:

e  Cost per capita (i.e,, population, potential users, actual
users, etc.),

®  Quantities or use per capita,

®  Average cost per levels of satisfaction with qualty,
timeliness, etc.

®  Average use per levels of satisfaction,

®  Proportion of target audience reached, and so on.

Such measures can be monitored over time, e.g., annually, to
provide indicators of changes in center operations or users
served.

We have shown in a number of evaluations that information
center services affect user performance and we believe that
user outnuts, in turn, affect the entire organization served
and even higher order effects such as GNP and quahty of
life. Higher order cffects may be incorporated in the mission
of the organization served by an information center, and the
mission of the center is to help the organizatton achieve its
mission, goals and objectives. The goals of the center can be
thought of in terms of the services provided in light of user
information necds and requirements expressed m terms of
performance, In this way, one can link the cenier’s objecuves
to goals, and goals to mission, through the linkages of
performance measures to effectiveness measures to higher
order cffects (cven though such higher effects cannot be
measured).

A word needs to be said about output quantities since, for
services at least, these quantities can be the same as amount
of use. One can think of output quantities as being
production-driven or demand-driven. Production-driven
quantities would include such operational outputs as items
cataloged, 1tems acquired, etc. Demand-driven outputs are
those determined by users’ needs, such as online searches,
items circulated, amount of reshelving, ete. In some ways,
the production-dniven outputs are easter to manage and
productivity based on them is more casily observed. On the
other hand, if there is sufficient demand, the demand-driven
output can be relatively easily managed as well Finally,
extent of use of information center services or materials can
actually be less than output quantities (if one orders but does
not read a book, for example) or more than output quantities
(:f one passes on a book to colleagues, for example).

In Section 4.2 of this chapter, a hst of possible measures of
nput, output (performance), operational performance,
cffectiveness and other derived measures are given for
principal resources and services. Levels of input, output and
performance of information center operations and services
are dependent on a number of factors. Some factors are
controllable (at least largely so) by management (e.g,
competencies of staff hired, attnbutes of systems and
equipment purchased, etc.), while other factors management
can only wndirectly control, that is, respond to, (e.g., type of
users served, their collection requirements, ete.).

Thete are scveral types of resource components that
management can uttlize to perform the center functions and
provide its services, mcluding.

®  Thecollection

¢ Staff

®  Facilities (¢.g., space, shelving, scatng, etc.)

®  Systems and eqmpment (e g.. computers, termnals,
etc.)

®  External services (¢ g.contractors,vendors, etc.)

There are attributes associated with each of these resource
components that affect both input costs and output
performarce Examples of such attributes are listed below
by type of resource component’

e  Collection

-~ Type of matenal (books, periodicals, government
documents, microform, A-V, ctc.)

— Type of publisher (foreign, domestic,
commercial, professtonal society, etc.)

—  Collection (marn, reference, etc)

—  Subject (medical, science, statistics, etc.)

—  Category (e.g , language)

—  Age

—  Other

Level (eg, professional, paraprofessional,
clerical, support; GS-rating)

~  Full-time, part-time

—  FTE, head count, positions (budgeted)

—  Levels of competencies (Le., knowledge, skills,

and attitudes)

—  Education

— Experience
®  Facihties

- Total space, net assignable space
~  Study facilities
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—  Shelving (open, closed, remotce)

— Handicapped access

- Meeting rooms, ctc.

~  Utilities (c.g., heat, hight, ctc.)

—  Features (e.g., architectural design, layout, no. of
floors, no. of restrooms, etc.)

® Equipment

—  Computers

—  Siaff use, patron use

—  Systems/subsystems (e.g. acquisitions, scrials
control, etc.)

— Features (cg. amount of memory, touch
termnals, etc.)

—  Photocoprers

—  Staff, patron use {free, com-operated)

—  Features (e.g., two-sided, color, collation, etc.)

= Audiovisual (AV)

—  Microform readers/pnnters

o  External Services
—  Contractor
—  Vendor services
—  Consultant services
—  Cooperative arrangements

These are examples of attributes that are likely to affect
input costs and output performance. Thus, in some
mstances at least, it will be important to observe mput,
output and performance by the classes of attnbutes. For
example, copy and enhanced catalosing costs, quantities,
quahty and productiity should be determined by
professional and paraprofessional sz Cost, quantities and
average cost of the collection mght be observed by foreign
vs. domestic publishers, commercia® v« society publishers,
type of materials, or subject.

There are three levels or degrees of observation of such
attnibutes.

e continually observe, present and analyze data by
attribute classes,

® continually observe, but present data by atiribute
classes only accasionally or for dragnostic purposes, or

®  do not observe, but have a means of collecting data
quickly if needed for diagnostic or other special
purposes.

The methods of observing such data are discussed 1 detail
later.

Finally, some of the other derived indicators are computed
as per capita averages. The per capita computations could
involve several types of populations such as:

Population (per capita computations)
Entire organization staff (i.c,, all employces)
Professionals in the organization or organizations
served
Allusers of the information center
Pereons registered (if a library)
Active users (c.g., those who have used library at
least once within past year)
Visitors to the center (e.g., gate counts)
Users of a specific service
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Thus, one could estimate average cost per capita as average
cost per center staff member, per professional, per user, etc.
Each such average has some specific meaning.

Quiput

Output 15 measured in terms of quantities produced and
attributes such as quality, timeliness, ctc. There are a number
of ways i which work output can be measured, although
many activities simply do not lend themselves to specific
output quantities (or quality or timeliness for that matter).
Quality can be observed by supervisors (or someone else
qualified to check quality) by inspecting random output of
someone’s work. Timeliness can be observed by 100 percent
observation of events or with random spot checks. These
and other methods of obscrving quality and timehiness are
discussed in detail in Chapter 6.

Not every activity has a clear quantity of output, although
many do. Even fewer have quality, timeliness, etc. measures.
Table 4.1 lists the 19 basic functions and 60 activities with
suggested output measures, where they seem to apply.

Output measures of quantities can be obtained 1 a number
of ways, one of which is by individual staff members. For
example, a weekly output log can accompany the weekly
time log for some activities. A suggested weekly output logis
given later in Section 5.2. On the log are output quality
mcasures and spaces to mdicate amounts for cach day of the
week. Supervisors will have to determine which quantities to
collect in this manner and then record the approprate
output quantity measures on the form. The dates of data
collection and signatures for both employees and
supervisors should be obtamed.

4.2 Information Center Performance and Effuctiveness
Indicators

In this section we discuss measures of input and output, and
ndicators  of operational and service performance,
effectiveness and other derived dicators. The measures
and ndicators are presented mtially for resource
components (collection, staff, systems and equipment, and
facilities) and then for principar functions and services.
Examples of measures and indicators are presented along
with some suggestions as to the meaning of them. Below, we
discuss some important cost concepts because costs require
certain rules concerning partitoning, depreciation and
allocation that are important to apply Then resource
indicators are discussed; followed by examples of indicators
of operational performance, effectiveness, and services.

In the previous sections we briefly discussed input costs In
this section we discuss cost concepts in much more detail.
Service mput costs are defined as the application of
resources to provide information center services, Examples
of resources include:

equipment and systems, and
all other resources (e.g., furmture, supplies, etc.)

® financial resources,
$  colleciion,

e  staff,

® facilities,

.
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TABLE 4.1
QUTPUT MEASURES
Quantitics Quality Timeliness Availability Accessibility
nagement
1. Collsction development 1) titlen teviewed NA NA ha NA
2) titles acquired scope, NA NA NA
comprehensiveness
2, Cobsection weading et withdrawn fequests atter NA RA RA
Wihdrawal
3 Physics! whhdrawa) and related
housekeeping Home withdrawn NA NA NA NA
fcauishions
4 Ordefing thiea/torma/sub- clskns per order ordes 10 rocelyt Hem-days unavai) NA
sctiptions ordered
8 Processing matertals recelved Home tecetvad NA throughput time Hom-days unevall NA
8 Cleiming clsime NA adherence 1o Hom-days unavet NA
schedule
7 Canceletions e cancalled NA NA NA NA
8 iPL activities unknown unknown unknown unknown unknown
Materiats Recehing and Mel Processing
9 Malerialdmay Processing 1) pkge. processed NA throughput time Hermrdays unavall NA
2 othat tema processed NA throughput time Hom days unavad NA
Cmmhg
10 Copy and enhanced cataloging ::?: wc::y .:;m % that conform 16 stds throughput time Hem-deys unavai NA
11 Original cataloging Wes ol cotaloged % thet contorm to stds thioughput tyme Asm-cdays unavalt NA
12 Journal snalysls (org and copy]  fournal it analyzed % thet conform to stds throughput ime tem-days navalf NA
12 Journal cataloging (orig, and copy) Journs’ ‘tleg cotsloged % thet conform 1o stds throughput time Rem-days ur svant NA
14 Added volume and copy ¥olumad and coples addad % thet contorm to ety theoughput tme NA NA
Calslog Malntenance
15 Catalog sdditions activities {eaede) tiles cataloged (added) accuracy of filinglinput throughpud time Hom-clays unavail
18 Catalog withdrewsi activities (cards) tties withdrawn NA NA NA NA
Ehysiod Procassing
g, oot 3 veund v et I o oid i B
18. Other physicud Processing koms phys. processed qualty of processing theoughput time Hem-days unavalr NA
19. Monograph binding ang ropale  Moms jepaired Quality of repair throughput time itemr-cays unavais NA
20 Aoquishions tiet tisty NA thioughput tme NA NA
Bariodicals Binding
21. 8ot up of bding racords new Journal tiee sccurncy of records theoughput time NA NA
(sotup)
22, Proparing materisis % be bound  lasuad to be bound NA throughput time aticle-days unavail, NA
23 Processing retuined boung
volumas retutned bound volumes qusilty of binding theoughput time aricle-days unayait NA
Ingsice Procening
24. lvoles processing lavolces processed accuracy thraughput time NA NA
LI il
25 Directiones dltectional requests Sccuracy NA Fouts of sarvice walting time
26 Reference telorence 18qQuesty telovance of 10000008 1} spesd of tespones hours of service walting time
2) response from
negotisted time
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TABLE 4.1
(CONTINUED)
Quantities Quality Timeliness Avaliability Accossibility
Bi f Sei
27. Quick fook-up quick kook-ups sccuracy of look-up 1) speed of tespones hours of service waling time
2) reapones from
negotiated tme
28 indepth In-depth searchee 1) televance of tesponee 1) speed of response 1) hours of service 1) waling time
2 no. of Rema retrieved  2) responss fiom 2 person hours aval, 2 no. of hoet
negotialed time dbe avail
29 St 1) profiles prepared 1) relevance of respones NA NA 00, of host dbe
2) no of Nema retreved avallable
2) outputs distribited NA time from schedule NA NA
Cligulation
30 Circulstion Rems clrculated NA spesd of response 1) hours of service wahing time
2) ioan period
3} study seata/carrele
$heiving and Reshelving
31 SheMing and reshelving Reme shelved/resheived Rems shelved correctly throughput time Ren>days unavall,
Intedibrary Borrowing and Lending
32. No 1equeets fultiled ot library 232 request from library correct kems processed  speed of response NA NA
33 Interlibisry bocrowing ficm tib, LBs from libtery correct Rems processsd spesd of response NA NA
1) Staff processing at Kbrary
2) Library processing
34 Intertibrary borrowing (and no
requests} from other Ubrasies HLBs trom other libs, cormect teme processed speed of respones NA
35 intedibrary lending 1) tequests recelved correct ems processed speed of response NA NA
2 KL hems lulfilled correct eme processed speed of responsy NA NA
Uset Instruction
38 Prepare exhibis #xhibrte prepared Qualty of extubrs tme from schedule NA NA
37. Conduct tours and/or
prosent briefings fours and/or brietings Quality of tours/briefs tme from schedule NA NA
38. Conduct training sessions/
demonatrations raining sessione quality of sesslons tme from schedule NA NA
NConductuMmyuMcomdommdom Quality of sessions time from schedule NA NA
40. Other user lnstruction other instructions NA NA NA NA
Eholocopy Services
41.vaw.ulwmvmmmpmpmw NA throughput ime NA NA
42. Make cther photocoples P08 photocopled NA throughput time NA NA
43, Checkn users users shecked-ln NA NA hours cpen waling time
44 Ooeh ¢ * ~laee, work st service days open & cloee NA ists opening NA NA
’ ~ maintenance and supply
Jeanslation Services
45. in-house translation of artices, 1} Reme (wrt, ohpr) sccuracy of transistion 1) spesd of r3sponse NA NA,
chapters, etc, translated 2) tosponse from
2) worde transisted negotisted time
48. Irhouse srchival tranelstion 1) Reme (art, ohpt) acouracy of tranelstion time from sohedule NA NA
Uaneleted
2) words traneated
47.P1muhqwmombm 1} Mema (art, chot) acouracy of translation time from schedule NA NA
out-of-houss tranelatl wansl
2) worde transiated
48 Other translation-refsted activibes A NA NA NA
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TABLE 4.1
(CONTINUED)
Quantities Quality Timeliness Availability Accessibility

Autometed Systems Administration
50, Monlior system periormance

and waage NA NA NA NA NA
51, Vendor related sctivitiee NA NA NA NA N
52, St related activities NA NA NA NA NA
83, Reponting NA NA NA NA
Qenern) g Administiation Supoor
54, Salletical, and finsnciel date

rolated activkies NA NA NA NA NA
8. Seoreterisyclerical

Ioloted activites NA N NA NA NA
88 Prolessional development and

training sctivities NA NA NA NA NA
Mansgement and Adminigtration
57. General administration NA NA NA NA
58 Planning NA NA NA NA NA
9. Financiel management NA NA NA NA
30 Personnel mansgement and

et development NA NA NA NA NA

Each service requires the application of one or more of the
resources above. For example, online database searching
requires referenc- and support staff, space for staff and
service, terminass and peripheral equipment, reference and
searching materials, and so on. Generally, these resources
are quantified as:

Financial amounts budgeted for services

Number of staff or staff hours applied to services
Amount of space allocated to services

Number of equipment items and systems used to
provide services

®  Number of collection items applied or used

It is sometimes only necessary to know the amount of staff
time or equipment time used for a service. However, it 15
often necessary to know the extent to which all resources are
apphed to a service. Then, the amount of all resources
applied to services can be converted into a common unit,
which 1s money or funds. Once the amount of resources
applied to services is determined, conversion to measures of
money or funds is not too difficult in terms of the following
types of measures:

®  Wages. salanes or other compensaiion applied to
services

®  Amount of space rent or depreciated expenditures
applied to services

® Equipment and system lease or depreciated
expenditures applied to services

® Prce and cost of processing of matenals and other
stock items apphed or used.

It is useful to rdentify attributes of resources and to carry
them through measures of service input and output because
decistons may be required concerning the attnibutes. For
example, one may wish to establish productivity (¢ g , output
quantities divided by input costs) for speaific levels of staff
such as professional, paraprofesstonals or support staff, The
application of resources needs to be considered 1 a broader
context:

®  services, functions or activities for which the resources
are applied (e.g., for total operation of the imformation
center, lending collections, reference, etc.)

®  atime penod (e.g, a year, month, hour, etc.)

The context for measuring resources of course depends on
the purpose for which the input measures will be used. The
important thing is that the context should be exactly the
same for both mput costs and output quantities and
attributes. Otherwise performance and other indicators
cannot be properly interpreted.

A common time period for measuring resources is a year,
although other time periods could have meaning for specific
problems and decisions as well. Attributes of a resource or
service are inherent characteristics of a resource (c.g.,
education level of staff) or of a service (e.g.. subject of
reference searches.)
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Direct and Indirect Costs

Methods of measuring input cannot and should not attempt
to be precise (reasonably accurate but not precise), The
reason for this is that measuring the cost of resources in the
context of a service often requires allocating resources
among several services or functions. For example, a staff
member may spend time on reference, interlibrary lending,
and administration. Thus, this person (or someone elsc)
must estimate the amount of time spent on each service.
Unless the person is obscrved constantly, it is necessary to
rely on memory or even interpretation of what one is doing.
However, most purposes for which input costs are measured
simply do not require precise measurement and the methods
of measuring proposed here and clsewhere ate sufficient.
The same qualifications hold for apphcation of cquipment,
facilities and most other resources. Determining the
appication of all funds in an information center over an
annual budget period may require annual audits. When
audits are required (as opposed 1o cvaluation) of course the
comments above conc rning exactness of measures do not
apply.
Direct cost is the application of resources which are
casily allocated to a service (¢.g., line charges for an
online search). Thus, direct cost s a cost which s easily
identified with a service (e.g, interlibrary lending) or
resource (e.g., staff).

Indirect costs are those which are not easily assignablce
or readily attributable to any one service or function,
activity, or resource. Rosenberg! (and  others)
subdwides mdirect costs mto two categories:

Indirect operating costs. These costs include centrally
budgeted items (e.g., utilities, rent, insurance, etc.) that
are necessary to the general operation and
mantenance of the information center.

Indirect support costs Costs for support services that
benefit overall administration of the mformation
center and s services (eg, admnistraton,
accounting, personncl, etc.)

‘The Key to assigning costs into direct or indirect is whether
changes in amoint of services appreciably affect such costs.
Direct costs vaiv with changes m amounts of service, while
wdirect costs dc not. The indirect costs can be allocated in
sonic equitable way to direct costs such as allocating these
costs in proportion to amount of direct cosis.

Fixed and Vanable Costs

Another concept of cost finding involves fixed costs, semi-
fixed costs, variable costs, and incremental costs. Total cost
of a service normally consists ot e application of a number
of resources such as funds, staff, equipment, fac.lities, etc.
Sometimes the resources are applied to the service when the
service is requested or used. That is, these costs vary when
the service is used and are, thercfore, called variable costs.
In other instances, resources are purchased or leased for the
purpose of applying them to services over a period of time.
However, once the expense is incurred, it does not matter
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how many times the resource 1s used, the cost s fixed and
does not vary. Furthermore, use essentially does not deplete
the resource (except when used extensively). An example of
use depleting a resource is paper used for photocopies. The
cost of paper is a variable cost. Yet the use of the
photocopier does not deplete the photocopier as a resource
(although use can be denied for a period of time). This 1s a
fixed cost.

There are two kinds of fixed costs: one-time fixed costs and
recurring fixed costs. One-ime fixed costs represent
resources that are purchased outright such as purchase of
books and equipment. Recurring fixed costs represent costs
that are fixed for short time periods (e.g., a month) but recur
over the time pertods. Examples of recurring fixed costs are
monthly payments for equipment leases and facility rent?,
annudl fees pard to vendors or annual subscription prices
pand 10 publishers.

Total cost of nformation center services 1s the sum of fixed
and variable costs incurred for the services. Obviously total
costincreases as the amount of service transactions (or units
provided) increases. Figure 7 provides an example of how
total cost of a service increases with number of transactions
(i.c.. output quantities) for that service. If there are no
transacttons tne total cost would be the sum of fixed costs
applied to the service such as terminals, facilitres, or the
collection, If there are transactions there would be an
incremental cost associated with resources required to
provide cach transaction (e.g., staff time, line charges and hit
rate charges from the vendor, photocopying of output, ctc ).
The graph shows that incremental costs are equal for each
transaction, which s clearly not truc for most services.
However, for theoretical discussion they can be thought of as
being hnear. Furthermore, at some point the volume of
services is such that a resource 1s completely used (e.g. a
terminal s used to its capacity) and more resources must be
purchased to provide any additional services These cosis
are referred to as semi-fixed or “step costs™ and must be
added to the vanable and fixed costs as shown in the figure

Allocation and Depreciation of Costs

Calculating the total cost of a service would be relatively
simple if resources were always dedicated exclusively to
specific services. Unfortunately, this is rarely the casc except
with very large information centers where, for example, staff
can be assigned exclusively to do searching, cataloging, or
interlibrary loan and so on. Even in large centers computer
equipment and systems are used for multi-purposes and
facilities are used for most services (except those provided in
branches or when remote warchousing 15 used for storing
older materials). Allocation of costs 1s the process of
deternimng the extent to which resources are applied to
specific services. For example, allocation of staff is done by
determining how much time staff spend on specific services
and other activities, Examples of methods for allocating
staff, collection, equipment and other resources are
discussed in the methods chapter of this Manual (Chapter
5).

t Definition of terms are adopted from Cost Finding for Pubh.
Libraries, Philip Rosenberg, American Library Assn., 1985.

% One could also think of staff salanes as recurring tixed costs, but
there are reasons for not doing so, one of which 1s that personnel
can be redeployed if this resource cannot be usefully applied toa
service.
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A special kind of allocation is done when resources are
expensed rather than expended. For example, if equipment
15 purchased outnght, the amount paid is the expenditure.
On the other hand, it may well be advantageous to allocate
the cost of a resource over the time period 1t is likely to be
used. This allocation process 1s called depreciation. The
amount allocated is an expense. Depreciation involves
spreading expenditures for such resources as computer
equipment, facilities and so on.

Usually accountants recommend methods for calculating
depreciation amounts over time, or actually perform
calculations for information centers. The simplest method
of calculating depreciated expenses is to divide
expenditures equally among planning years. This can be
done using the following steps:

(1) Establish a useful perfod of life for the resource; for
example 7 years for a mainframe computer, 5 years for
minicomputers, 3 years for microcomputer, 50 years
for buildings, etc.

(2) Estimate a write-off value for the resource at the end of
its useful life.

(3) Calculate the equal annual write-off value; the
difference divided by the number of years in useful life.

For example, for a minicomputer:

$12,000-51,200 =~ $2,160 per year
S years

For many reasons, accountants prefer not to use linear
depreciation (i.e., equal amounts over the years). One reason
that linear depreciation is not used is that use of the resource
is likely to reduce over time. Another reason is that the value
of money changes over time, Note that a depreciated cost
can, and often is, further allocated among services (in
addition to allocation to specific time period).

Average or Unit Costs

Once the fixed and variable cost of resources have been
properly allocated, it is possible to calculate total cost over a
specified time period associated with a service or activity.
Average or unit costs of services can be calculated by
dividing total cost by total output quantity. Examples of
average cost include cost per book loaned, cost per online
search, cost per item used in the information center, cost per
interlibrary loan, etc. This derived performance indicator is
extremely useful, but rarely calculated by information
centers. Such averages are probably the single best indicator
of how well a center is performing in terms of costs. The
inverse of average cost (i.c, total quantities produced or
transactions divided by total cost) is productivity.

An example is given below for calculating average cost.
Assume that the fixed cost of a service, say online searching,
1s $10,000 (i.e,, including a terminal, space, photocopier,
furniture, reference materials, etc.) and the incrementat cost
is $100 (i.e., line charges, hit rates, photocopy, staff, etc.). If
there are two searches the average cost is $5,100 (10,000 +
2 X $100 divided by 2), three searches $3,433 and soon. As
the number of searches increases, say to 100 searches, the
average cost drops to $200 ($10,000 -+ 100 X $100 divided
by 100), a number much nearer $100, the incremental cost.
At 1,000 searches the average cost is $110. One can continue
to increase the number of searches and the average cost will
continue to come closer to $100 but never quite reach it.
Thus, the incremental variable cost is an asymptote (i.e., an
amount closely approached but never reached).

At some amount of transactions the average cost
approaches an asymptote which, n fact, is the incremental
variable cost as shown in Figure 8. This point at which
average cost approaches the incremental cost can be thought
of as a “critical mass”. From an information center funder’s
perspective, it is desirable for services to be provided at or
near the critical mass becausc it is at this point that the
difference between costs of services and value received 1s at
1ts optimum. Information centers and their branches can
achieve a critical mass for such activities as acquisitions and
physical processing by centralizing the functions to increase
number of transactions or units processed.
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The figure shows that a “step cost” will affect average cost,
butnot at the level of the entire step cost because the amount
of the step cost is averaged over a large number. For
example, assume, that a new terminal at $2,000 is required
after 2,000 searches (i.c., 2,001 searches). The average cost
at 2,001 searches then is $106 (512,000 + 2,001 X $100 all
divided by 2,001), a value not much higher than $105 the
amount at 2,000 searches without the new terminal.
Obviously, an information center would not purchase a
terminal in order to conduct one search, but rather search
off-hours, etc. with the initial terminal. However, in theory
and not too far off in practice the average cost is as shown in
the figure.

Economies of Scale

Spreading of large fixed costs over a large number of
transactions or units results in reduced average cost. This
phenomenon is referred to as achieving economies of scale.
Economies of scale can be achieved in other ways as well,
For example, large information center operations can
normally perform some production-like activities less
expensively than small ones. An example is processing
interlibrary loan requests, indexing or cataloging. By
batching these activities, they can normally be done more
productively than if they are done in an on-again, off-again
manner. Economies of scale can also be achieved in larger
operations by having staff with specialized competencies
(i.e., knowledge and skills developed through education,
training and experience). The extreme example would be
small information center run by a professional staff member
who is required to catalog, search, open the mail and
restelve materials. Also, large opcrations can often
negotiate volume discounts for purchasing services,
supplies, materials, equipment, etc.

There are diseconomies of scale as well. Typically, .in
information centers and other organizations it often costs
more on the average to administer operations as the size of
the organization increases. That is, the proportion of total
costs accounted for by administration tends to increase as
the total costs increase. There may be many reasons, if and
when this happens, but probably the principal reason is that
communication and maintaining control is harder in larger
orgamizations.

There is a question of whether one should use average cost
(i.c., total cost divided by total transactions) or productivity
(e, total transactions divided by total cost). Each
performance indicator has a useful meaning. For example,
funders may ask what they are getting for the dollar
expended. Productivity is an indicator of what they receive.
The equation for productivity 1s as follows:

Productivity = Total transactions divided by total cost.

This equation can be reversed as follows:
Total transactions = Total cost times productivity.

Thus, if productivity 1s increased funders will get more
transactions for their investment or if they invest more or
less they can forecast the effect on the output. Economies of
scale play a role, however, because of fixed costs. Assume
that thereare 1,000 searches and the dixed and variable costs
are as given above. A funder might ask what would hap sen,
if they cut the budget in half, from the current amount of
$110,000-to $55,000. The number of searches possible
would be cut from 1,000 to 450 (i.e., $55,000—5$10,000 all
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divided by $100). Thus, the number of searches would be
reduced by more than one-half (450 vs. 500). If
management focussed on increasing productivity of
scarchers say, by 25 percent onc can establish wnat effect
that would have on cost. If the $100 variable cost, assumes
that the components of this cost is $45 vendor changes, 52
photocopying, $3 for support staff and $50 for professional
time. Then the totzl cost for 1,000 searches would decrease
from $10,000 to $97,500 and average cost would decreasc
from $110 to $97.50. Thus, savings would be $12,500. If the
cost to achieve these savings is higher than that amount, the
decision might not be to train, hire or whatever necessary to
accomplish improved productivity unless quality, timeliness,
etc. is affected or that the productivity improvement affects
vendor costs as well.

There are basically four ways in which the productivity rates
should be utilized:

(1) In some instances, productivity should be observed
and reviewed on an ongoing basis. This 1s done for
activities which involve regular production-hke work
such as cataloging, some physical processing,
photocopying and so on. The review can serve as a
means of monitoring individual staff, certain activities
and units.

(2) Sometimes it is too difficult to monitor productivity on
an ongoing basis for individuals because output is
difficult to attribute to a particular staff member (e.g..
circulation) or the staff members are performing a
variety of actvitics at ill-definable times. In these
instances, the entirc activity can be monitored, but
individuals are more difficult. Here, 1t 1s still necessary
to observe over time. One can then reverse the
calculations and determine if sufficient output is
achieved from collective input.

(3) There are many activities in which there is no
measurable output such as i management and
administrative activitics. In these nstances, one can
still establish, by the formulas given, whether or not the
amount of time devoted to the activities adheres to
norms based on staffing patterns in the center.

(4) Finally, as mentioned previously, data can be used m
the aggregate to monitor the staffing patt rns and to
help budget and plan for the future based on forecast
levels of services.

These uses of the productivity measures should be kept m
mind when reviewing productivity values.

Other operational performance would include the mverse of
productivity (i.e., hours per item f.oduced or dollars per
item produced). In addition, average cost per level of quahity
(hmeliness, avaability, or accessibility) can be computed
from input and output measures when appropriate. These
operational performance measures provide ar indication of
what it costs to achieve different levels of quality. Since
average cost is the inverse of productivity one can also
derive productivity at the different levels of quahty. Afl of the
operational performance measures are denved from input
and output measures and, therefore, do not require data
collection themselves.

Across the board, the data can be applied in several ways.
For example, for upcoming budgeting one can forecast
amount of activity (e.g, no. of ILLs, in-depth online
searches, etc.) that should be expected in the upcoming year.
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By multiplying the inverse times the number of forecast
quantities of output, one can estimate the number of staff
required. For example, if there were 6,983 in-depth online
searches in the basc year and that number is expected to
grow to 9,000, the staff requirements would be 8,257 hours
or about 4.6 FTE staff (1 divided by 1.09 searches per hour
x 9,000 searches). Such computations can be made to
establish the entire information center staff size and staffing
patterns can be determined by taking the 1986 norms and
determining for each of tae 17 functions by the proportion
that are professional, library technician and clerical, These
proportions then can be multiplied by the sum of staff time
for all activities in the functional arcas.

Sometimes average cost is a better indicator to utilize than
productivity. First, productivity is sometimes more difficult
to interpret. For example, if average cost of onlire searching
15 $100 per search, the corresponding nroductivity indicator

would be 0.01 searches per dollar. Second, average cost,
when broken down into components, can be used for
budgeting purposes. For exanple, if an information center
has trend data on amount of online searching done, items
loaned, etc.. it is vossible to use a forecast of amount of
searching to forecast resouace requires. . onts.

Resource Indicators

One can view input and output resources in hght of a
decision to acquire a resource component (e.g., hire a staff
member, purchase a system, etc.). Thus, input would then be
the cost of the resource component (i, salary and fringe
benefits for staff, contract amount for equipment, etc.) and
output would be amount of resource(s) purchase (i.e., total
staff hours, number of terminals, etc.) and expected (or
achieved) quality, tmeliness, availability, accessibility, and
so on. Examples of input and output are given in Table 4.2,
for collection, staff, systems and equipment, and facilities.

TABLE 4.2
RESOURCE PERFORMANCE AND EFFECTIVENESS INDILATORS

OPERATIONAL OTHER
RESOWACE INPUT OUTPUT PERFORMANCE EFFECTIVENESS DERVED INDICATORS
COLLECTION Cont (8 Quy. (Tkies, wome) Cosl/Qty. Extort of Use: Coat per capha
Resources Attributes Clreulation
Aributes Additions, withdrewsle in-house (patron, st Avg costlevel of satie-
Addiions, withdrawale it faction
Quality (Soope - what QtyJCont
covered, comprshensiveness « Purpose of Use Cost/extont of use
how well covered)
User satisfaction with Extent of use/capite
Avallability (hours Avg costievel of qual quallty, svaliabiity,
svaliable, ock unaval- accessit ity Tuinaver rates
abis - In process, on joan,
missing, oic) FIN rates (¢ g, title, Avg. useflevel of satls-
Avg. ocalievel of authors, subject, browsing,  faction
Accessibiilly (open ve. svaRabilty ”0)
clossd stacks, remote, Quy Jeapite
o) Muttiple ues
LB/quantities
Avg cosViavel of Mubliple users
accessibiity Li/extent of use
Proportion of coltection on
oan
STAFF Codt {8) Qty, (head count, FTEs, Con/Quy, Output of work Costjunit of output
Resoutces houre of work)
Attribstes Atributes Qty./Cost
Fringe benefite Coet/capita
CuaMy (p iy Avg of qual. Management of user satis-
acouracy of work, etc) faction with quality
Avg costflevel of
Avallsbity (sotual hours  svaliabiiy Avg, costtevel of
worked) satisfaction
EQUIPMENT & Cost () Qty, (Amt. of equipment,  CosYQty No o uses Costycapita
SYSTEMS Resources no of hours)
Attributes Attributes QtyJ/Cost No of users Costiuse
Quality (reNability, Avg contlevel of quel, Purpose of use Uses/capita
screan reedability, otc)
Avg costflevel of Hours of use/capita
Timety {resp: time,  timek
baud 1y, etc) Proportion of bl
Avg costlavel of hours actually used
Aocessiblity (o, of accossibikty
hours svailable) Avg costlevel of satis-
faction
FACILIMES Cont (§) Qty. (Total space in oq Cos/Cty No, of visite Costivisit
Rescurces ft, usable space)
Atrioutes Attributes Costcapits
QtysCost No of vishors
Quallty (om0 of use, Costhowr of use
pleassntness of
SUNOUNINGS) Avg costlevel of qual, Hours of use Visite/capite
Avallabily (houre open) Viskors/capita
Accessibity Av:.‘.w ot o e Hours of
v ity use/c
distance In time or miles il
10 constituents served, User satifaction with AVQ. costfievel of eatis-
amt of parking, entrance  Avg. costevel of quality, avallabitity, faction
for disabled, et0) sccoesibility acceseibilty
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For resources, input is always measured by cost in dollars.
For example, cost of the collection includes purchase, price,
input processing, cataloging, shelving, storage and
withdrawal. Thus, there are a number of resources involved
in the cost of the collection and the cost will vary by
collection attributes over time. The price paid each year for
the collection is an expenditure; however, we feel that costs
should reflect an allocation of this expenditure over time. As
an approximation, use by age can be used. Input costs of
systems and equipment, facilities and staff should include
allocation of expenditures and all other costs associated
with these resources. In addition to attributes of the
collection given 1n the previous section, another important
attribute is colleciion additions and withdrawals, since they
affect input cost. Type of fringe benefits is an additional
attribute for mput cost of staff.

Output of resources reflect quantities such as titles or items
in the collection; a head count, FTEs, hours of work for staff;
systems and amount of equipment; and square feet or net
assignable square feet for facilities. Just as input cost can be
classified by attributes, so can output. However, it only
makes sense to classify both by the same attributes. Other
outputs for collection include the scope of the collection in
terms of what is covered and comprehensiveness of the
collection in terms of how well it is covered. Availability of
the collection 1s observed 1n terms of (1) the hours (say, per
week) the collection is open and (2) unavailability due touse
in the library, on loan or missing (misshelved, stolen).
Accessibility is determined by extent of open stacks, closed
stacks, or remote storage. Output of staff is determined by
quality of work and availability of actual hours worked (i.c.,
taking away vacation, sick leave, holidays, personal time
taken off). With systems and equipment, other outputs
resulting from input costs include quality, response times
(timeliness), and number of hours available. Finally, other
facility outputs include quality of the facilities, hours open
(available) and distance to users (availability).

Indicators of Operational Performance

Indicators of operational performance involve relationships
between nput costs and output performancs. For example,
for indicators of the collection 1s operational performance
might be $2.00 per title for open storage and $1.00 per title
for remote storage. Other examples might be $20 per FTE
for staff, $20 per net usable square foot of space, and so on.
Average cost per level of quality, availability and
accessibility are indicators of what it costs to achicve these
levels. Thus, if actions are anticipated or taken to change the
levels, management will roughly know effects on costs.

Indicators of Effectiveness

Indicators of effectiveness show the consequences of the
resources; input cost and output attributes. Such indicators
are generally measured in terms of extent of use; user
satisfaction with quality, timeliness, availabiity and
accessibility; and some rates such as collection fill rates (i.e.,
proportion of needs satisfied by the collection). Extent of
use of the collection would include circulation, in-house
reading and use, and interlibrary lending. For staff this
would be the output of work for varicus functions, which are
ciscussed below; systems and equipment, the number of
uses for each system or type of equipment; and visits as a
measure for-the center. Other indicators of effectiveness
include number of users and proportion of population who
are users, One does not expect everyone in an organization
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to use the collection or visit the information center but if
only 10 percent of the professionals do, or 1f the proportion
is decreasing over time, there is an indication of potential
problems. Repeated use by users is also an indicator of
cffectiveness. Poor service (in quality or timeliness) can lead
to use of alternative services; thus, repeated use is an
indicator that users arc sufficiently satisfied to continue
using the collection, systems or equipment and facilities.

Purpose of use and user satisfaction can be observed
through user response forms (fot specific incidences of use)
or from general survey questionnaires. Purpose of use refers
to the purpose for whici information is used, such as patient
diagnosis, clinical research, management, professional
development, and so on. Purpose of use 1s an indicator of
effectiveness and degree to which the information center
services contribute to the parent organizations mussion.
User satisfaction with services or <ervice output
performance can be measured by rating scales (say, 1 to 5).
For example, one can rate satisfaction with relevance of
online search results. It is uscful to obtain such satisfaction
ratings with specific instances of use.

Other Derived Indicators

It 1s possible to derive many indicators from relationships
between input and effectiveness, output and effectiveness,
and operational performance and effectiveness. Generally,
the following derived indicators are found to be useful:

®  Cost per capita (total population, user population,

uscrs)

Cost per use

Extent of use per capita

Output quantity per capita

Hours of use per capita

Average cost per level of satisfaction — in order to

determine what it costs to achieve various levels of user

satisfaction

&  Average usc per level of satisfaction — to establish the
importance of user satisfaction

¢  Purpose of use per capita

Other extremely important indicators are (1) the total
demand for services (i.c., how much services are used from
the center and other sources) and (2) the costs of using
alternative sources It1s shown in Chapter 13 that alternative
sources often cost users much more in their time and n
dollars than in using the information center. The difference
in cost is a measure of the value of the center to users,

Services and Function Indicators

Some examples of measures of input and output and
indicators or operational performance and effectiveness are
given for services and functions in Table 4.3. Services and
functions are different than resources in several ways, First
of all, input can be measuted both in terms of (1) the total
cost of all the resources necessary to perform a function or
provide a service and (2) the amounts of resources
expended. For example, input to collection development
can be dollars expended or number of labor hours
expended. Labor hours, of course, is the output of the
resource, Labor hours (and other amounts of resources) are
useful for monitoring productivity of individuals or an
information center umit. Yet, ultimately, management may
want all resources to be expressed in the common unit of
dollars. The inputs of the services and products arc
expressed in costs(S) and amounts «f resources.
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Operational performance may also be expressed in such
terms as hours per item produced. However, we have not
carried the amounts of resources to the other derived
indicators. It is noted tnat amounts of resources are also

affected by attributes and other factors. Second, services
and functions are more likely to have additional attnbutes
that affect input aud output. There are also more extensne
indicators of effectiveness and other aerived indicators.

TABLE 4.3
LIBRARY PERFORMANCE AND EFFEGTIVENESS
INDICATORS
SERVICE/ OPERATIONAL OTHER
FUNCTION INPUT OUTPUT PERFORMANCE LFFECTVENESS DERIVED INOICATORS
Cot () Qty. (tes, Rema) CostQty, See Collection See Collection
DEVELOPMENT Rescurces Attributes
AND MANAGEMENT Attrib Additk ith ‘ Amt. of Resources/Qty.
Additions, withdrawaele
Qty [Cost
Amount of Resouross  Scops
Attrib Comptshensh QtyJAmL of Resources
Addition, withdrawals
Avg CostLevel of Quat.
ACQUISITIONS Coet (§) Qly. (Orders,Titles, CosyQty, User satisfaction w/ Qty/caphta
Resources Roma) timeliness of
Attributee Attributes Amt. of Rescurces/Qty, on-demand orders
On-Demand
Orders, On-Demand Orders,
Other Direct
Ordere, Other Direct Orders, Qty/Cost
Standing Orders, 8tanding Ordere,
On-Approvale, Gits Qty/JAmt. of Resources
, Clalme Carcellations, Claims
Avg Cost/Level of Timeliness Coav/eapita
Amt. of Resources Timelinees (Time between
Atributes ordet and recelpy Avg Costlevel of Qunl
Qual. (Claims per order)
CATALOOING Cont (8 Qty. (Ties, itoms) Cost/y, Extent of use of catalog  Use of catalog/caphta
Attributes Copy, Enhanced, Original Amt. of Resources/Quy, Catalog filt rate Costlsvel of il rate
Copy, Enhanced,
Origina
Qual. (% that conform to Qty/Cost User satisfaction with Setistactionlevel of
Amt. of Resoutces standarde) ability of cotalog to fill rate
Atributes QtyJAmt. of Resources Ientity tems by
Timelkiness (cataloging author, title, Coal/level of aatistection
throughput (time) Avg Cost/Lavel of Qual subject, etc
Ease of use
CIRCULATION & Cont {§) Q1. (Losns, keme) Cost/Qty Extent of Use Con/capita
IN-UBRARY USE Resources Attriutes Uset satiefaction with
Cinse of User Amt. of Rasources/Qry li bability Avg. costtevel of
Class of User Resarved, renewed, sstefaction
Clrculated, ressrved inibtary use Qty/Cost
mqu. Invlibrary use QtyJeaphta
Timeliness (Avg quelng QtyJAmt. of Resources
Amt of Rasources tme) Avg. usaflevel
Attribures AvQ Cost/Avallabllity of satistaction
Availsbiitty (hours of
servios, Joan period,
study secte) Use/availabillty
SHELVING/ Cost ($) Qty (Rems) Cost/Qty. FIH rate tallure
RESHEIVING Resources Attiibutes Amt of Resources/Qty, resutting from (1) Rems
Attributes Copy, enhanced, originel  Qty /Cost awalting resheiving end
QyJAmt. of R @1 helvi
Amt. of Resources Qual (% shelved correctly) Avg CostLevel of Qual,
Attritutes
Timeliness (Avg. tme off  Avg ComLevel of
shelf) Timeliness
INTERUBRARY Contif) Qty. (Fequests, heme} Conty, Extent of Use Comt/capita
BORROWING & Rescurces Attribites
LENDING Atiritutes Class of Usar User satisfaction with
Class of User Requests sent, senV borrowing and lending Avg. costlevel of
Roquets sent, sert/ {uifiled, received, Amt. of Resources/Qty satisfaction
fulilied, recelved, tecolved/uifiiled Request il rate joans
recelved/ulfited to other Nbrarles
ILLALBs by photocoples,  Timeliness (ime between QtyJoaphta
originels requesting Reme from other Oty/Cost Request A\, .ate loans
iibraries and receipt; time from other libreries
Amt of Pesources between tecelving requests Avg. usefteve! of
for Meme from other Proportion of Rems loaned  satisfaction
- fibraries snd sending them Oty /Amt, of Resources that e retumed soiled
out of referral; time of
betwesn sending out Reme Avg. use/fill rate
1o other Sbrarles and
receving them beck)
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TABLE 4.3 (CONTINUED)
LIBRARY PERFORMANCE AND EFFECTIVENESS
INDICATORS
H SEAVICE/ OPERATIONAL OTHER
¢ FUNCTION INPUT ouTPuT PERTORMANCE EFFECTIVENESS OERIVED INDICATORS
REFERENCE & Coet (§) Qry, (Enquiries) Cost/Qty Extent of Use Cost/capha
! INFORMATION Rescurcss Atributes Attributes
SERVICES Attributes Class of User Class of User
Clase of User R:c"dud. compisted, At of Resources/Oty,
orred
Telophone, wiktten, Avg costivel of
in-pereon Qual. (Accuracy, come »-  Qty.Cost satisfaction
hensiveness of reszcnee,
Amt. ot R P )
Atiributes Attributes QlyJAmt. of Resources User Satisfaction:
Clase ¢* User Class of User Quallty, Timeliness
s Directionsd, in-depth Recelved, completed, Availablity QtyJeapta
Tetephone, written, teferred Avg CostLevel of Qual, Accessibility
-person
Timeliness (Time between
anquity, receipt and Avg Costlevel of
168pONSS 10 LNET; NEYO- Timefiness Avg use/level of
- - tisted time and response) satisfaction
Atsibutes
' Class of User Avg CostLevel of Reference fil rates
roforred Avg use/tid rates
" Avallablity (Hours of Avg CostLevel of
service; person hours of Accenibility
availabiify)
Repeated use
Aocessibliity (Avg. walt CtyJAvallabitity Use/avallablity
time)
TOURS/ Coat (8) Qty. (No. of everis heid,  Cost/Qty. Attendance Attendess/qty
BRIEFINGS/ Resoutce’ hours of events) Amt. of Resources/Qly Cost/capits
TRANING Attributes Altributes Qy. Avg costevel of
SESSIONS Class of User Class of User OtyJAmt. of Resources satislaction
Type of Activity Type of Event Clase of User User satisfaction with Attendance/caph
Avg oconflevel of qual Quality, imeliness QtyJeapita
Amt. of Resouroes Qual. of svents Avg costlievel of Avg useflevet of
Attributes timetiness satistaction
Class of User Tineliness (frequency of
Type of Activity wenis) Repested use

4.3 Information Center Input and Output Measures

In this section we give some numeric examples of input and
output measures and operational performance,
effectiveness and other derived indicators. These examples
are given for 19 principal functions (or services) and a totai
of 60 acuwities. These functions and activitics are hsted
below:

Functions/Activities

Collection Development and Management

1. Collection development

2 Collection weeding

3. Physical withdrawal and related housekeeping

Acquisitions
4,  Ordenng
5. Processing matenals received

6. Claiming

7. Cancellations

8. Follow-up

Materials Receiving and Mail Processing
9. Materials/mail processing

Cataloging

10. Copy and enhanced cataloging

11 Original cataloging

12. Journal cataloging (original and copy)
13. Added volume and copy

Catalog Maintenance
14, Catalog additions activities

15. Catalog withdrawal activities

Physical Processing

16. Spine labelling, barcode labelling/hinking
17.  Other physical processing

18. Monograph binding and repair

19.  Acquisitions list

Periodicals Binding

20. Set up of binding records

21. Preparing materials to be bound
22. Processing returned bound volumes

Invoice Processing
23. Invoice processing

Reference Readers Advisory
24. Directional
25. Reference

Online Bibliographic Scarching
26. Quick look-up

27. In-depth

28. SDI

Circulation
29. Circulation

Shelving and Reshelvir-~
30. Shelving and rest¢ .ng

+ Interlibrary Borrowing and Lending

31. Interlibrary borrowing
32. Interlibrary lending
33, Items from document delivery services

N,
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User Instruction

34, Prepare exhibits

35. Conduct tours and/or present briefings
36. Conduct training sessions/demonstrations
37. Conduct advisory service sessions

38. Other user instruction

Photocopy Services

39. Make photocopies

40. Check-in users

41. Open and close, work at service desk, provide
maintenance and supply

Translation Services
42. In-house transiation of articles, chapters, etc.
43. Processing and monitoring out-of-house translations

Automated Systems Administration

44. Backup system files

45. Monitor system performance and usage
46. Vendor related activities

47 Staff related activities

48. Reporting

General and Administrative Support

49, Statistical and financial data related activities
50. Secretarial/clerical related activittes

51. Professional development and training activities

Management and Admumistration

52. General administration

53. Planning

54. Financial management

55. Personncl management and staff development

56. Computer, equipment and systems related activities
57. Facilities management

58. Contract services

59. Marketing, public relations, etc.

60. Policies and procedures

There are at least 500 individual activities that have been
identified in information centers. It is neither practical nor
necessary to record the amount of labor time devoted to this
many activities. On the other hand, 1t is useful to record the
time required to per’.rm the three to ten or so basic
activities performed by each employee. The basic activities
should include the 60 mentioned above, if done by an
employee. However, other important activities should be
included as well; particularly if they are of interest to the
employee's supervisor.

One can structure an information center (such as a library,
clearinghouse, etc.) into functions, services and products as

outputs of the functions, activities necessary to provide
services or produce the products, resource components
required to perform the activities and attributes of the
resources, These form a hicrarchy of sorts as shown in Table
4.4, The library functions are syb-divided 1nto technical or
operational functions (e.g., acquisitions, storage, etc.), user
related functions (c.g, refercnce, access to materials,
circulation, etc.), and support functions (e.g., management,
financial, etc.). The reason for the distinction among these
three types of functions is two-fold. First, measures of
output attributes and effectiveness are different for them.
Second, costs of technical or operational functions are often
allocated to user related functions. For cxample, it is
meaningful to allocate costs of acquisitions, document
processing, storage, etc. to circulation of matenals. The
former being fixed costs and the latter variable costs of
circufation of materials. Furthermore, costs of support
functions might first be allocated across both technical and
user related functions.

For each function there are vartous services provided. For
example, for the reference functions there are referral
queston answering, reference search and Selective
Dissemination of Information (SDI). There are services that
are often accompanied by physical outputs such as online
search computer print-out. The physical outputs are
products. Within each service there are many activitics that
are performed to provide the service. Taking one service, for
example, reference searching, there are activities associated
with solicited searches (e g., interviewing users, developing a
search strategy, etc.) and with unsolicited searches. In
addition, there are general activities that must be performed
to be able to do reference searching (e.g., keeping abreast of
database sources, reference materials, and vendor services,
ctc.). There are resources that are applied to perform all of
the activities. For example, for conducting searches there are
staff (people), equipment, communication services,
materials, spacc and furniture, and supplies that are
required. Activities are what is done and resources are what
1s necessary to do it. Each of these resources require certain
attnibutes to be able to perform activities well. For example,
professionals require certain competencies (e.g., knowledge
and skills to apply the knowledge). Indicators of knowledge
and skills are education, traiming and experience.

It 1s noted that every function has dtinct services and
products, that in turn have many activities, requiring scveral
resources, that have special attributes. Thus, the operations
and services of libranes, cleaninghouses, and information
centers are very complex, but to properly evaluate them one
must descrnibe them in the detail depicted in Table 4 4.
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TABLE 4.4

STRUCTURE OF AN INFORMATION CENTER

EXAMPLES OF EXAMPLES OF EXAMPLES OF RESOURCES EXAMPLES OF
EXAMPLES OF LIBAARY REFERENCE LIBRARY REFERENCE FOR CONDUCTING ATTRBUTE
UIBRARY FUNCTIONS SEAVICES & PRODUCTS ACTMINES REBOURCES
Technical Reternel gototed Peogle Compelancles
Aoqul lotarview usacs Prolessions Knowledge
Docurnent processing Develop serrch strategy Paraprotessionst Skilis
Sorege Determine search method
Clroulation Determine soutce
Recordkesping Conduct searches Equipment
UL Fequest Review results Teiminale
Placement Analyze tesults Telsphone
Question Answering Provide teautts
Traneiste thies/abstracts  Audio/Veust
User Rolated Unsolicked Gommunlcation Service Backgrovad
Rutetence Develop uneolicited searches Dutabase Education
Physical Access to Materlals Reforence Searching Conduct searches Network Training
Acoees 1o taciies Eveluate searches Vandor Experience
User Training Perdorm snalysls
Wiite summary
Prepare public relatione
Distribute published
seaiches Mstoriale
Aeterence materisls
Search materiale
Ubrary Procedures
Source materisls
Suppot Selective Qeners!
Mansgement Dissemination Knep sbreast of sources/
Flnance of information Services
Accounting Keep abresst of technologles
Peraonnel Attand professional meetings Space & Fuinitu.e
Rasearch Supervise sttt
T Traln otaft & veors
Stalf Training Malntain & report statistica

sWork settinge made a part of the project

Develop chargiag sistegies Supplies
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Chapter 5

Evaluating the Performance of Information Center Staff
and Automated Systems

5.1 Background

In this chapter we present two examples of performance
cevaluation. The first example involves the evaluation of
information center staff. In particular, we discuss measuring
staff input costs, output quantities and attributes. Some of
the examples are also found in Keys fo Success®. Chapter 6
discusses methods for controlling the productivity of staff
using quality assurance surveillance methods. The second
cxample discusses the evaluation of automated systems.
This example emphasizes the three levels or perspectives
suggested in the evaluation framework described in Chapter
2. Some measures and models are suggested.

5.2. Evaluating Staff Perfo mance
Measuring Staff Input Costs

Measuring staff costs associated with specific services can
be difficult unless the amount of staff time devoted to
services 15 known. There are many ways to measure staff
tume, but none are 1deal. In fact, different methods are better
in different circumstances. Generally, the best method 1s to
allocate staff time to appropriate services and operational
functions. The following rules and steps are suggested:

¢ Allocate staff time only for the amount of time actually
spent working at the center (i.c., do not include
holidays. sick leave, etc.)

e List all of the services or operational functions of
interest. This list could include, for example, the
functions and services listed in Chapter 4.

¢ Design anindividual Weekly Time Log (see WEEKLY
TIME LOG below).

®  Design a worksheet for allocating individual staff ime
and salaries to services (see STAFF ALLOCATION
WORKSHEET below)

Three ways of measuring staff time are;

®  Use time sheets or labor logs on an ongoing basis of
time spent on specific activities, services or functions.

® Ask staff or their supervisors to estimate the
proportion of time spent on specific activities, services
or functions throughout a year.

®  Observe staff doing various activities at random times
during the day. Random alarm devices could be used or
a supervisor could walk through the unit at random
times and observe what staff is doing.

Interestingly, the three ways of measuring the allocation of
staff time to services do not yield greatly different results An
example of the use of time sheets follows.

For the example, assume that there are two staff members (A
and B) involved in Reference and Readers Advisory (R &
RA) and Online Bibliographic Searching (in addition to

other services). The remamng services and functions and
other staff areignored for the purposes of the example. Each
staff member is asked to complete a Weekly Time Log (see
Figure 9 for a sample). Assume that one staff member
spends 1.6 hours on breaks, 6.2 hours on Reference and
Readers Advisory (directional queries) and so on. The staff
member also spends 3.3 hours on Overhead Activities (e.g.,
discussions, professional development, ctc.) and 7.2 hours
on Sick Leave. The total hours spent on specific services and
functions can be estimated for an entire year by adding the
ume logged on 52 Weekly Time Logs or a sample of Time
Logs. In some instances the Weekly Time Logs can be kept
for sampled periods and extrapolated to a full year.

On the Staff Allocation Worksheet (see Figure 10), services
and salanes of specific staff member (A and B) are listed.
The worksheets can be designed for all staff or subdivided
by specific units or levels of staff depending on the size of the
information center staff The salarics can, and probably
should, include any fringe benefits or other forms of
compensation Recorded on the sample Staff Allocation
Worksheet for each staff member are (1) hours worked, (2)
proportion of hours worked on specific services, and (3)
appropriate allocatton of salanies. For example, there are
about 234 days or 1,872 actual work hours per year
(excluding vacation, sick leave, and holidays)

In the example, staff member A has 42 days of sick leave and
holidays, 5 days of professional development. about 2 days
of breaks, and about 19 days of other overhead tme for a
total of 68 days (490 hours) of overhead ime. This overhead
time can be recorded (as an indicator of efficiency) or it can
be distributed across the other services and functions. The
calculations below demonstrate both methods

Total staff costs for services are calculated using the
following steps*

@  The proportion of hours devoted to cach service 15
calculated by dividing the number of hours for cach
service by the total hours (e.g., 72 divided by 1,872 =
0.038 or 3.8%).

® The staff cost (for staff member A) 15 calculated by
multiplying the total compensation by the proportion
of hours (e.g., $30,000 times 0.038 = $1,140).

¢  The total staff cost is found by adding the costs across
staff members (e.g , $1,140+$3,296=54,436).

The overhead can be allocated across services as follows:

® Caiculate the cost rate attributable to overhead:
(830,000} divided by ($30,000—57,860) = 1.355 for
A and (816,000) divided by ($16,000—~583,520) =
1.282 for B,

Multiply staff cost of each service by 1.355 (e.g., $1,140
times 1.355 = §1,545 for A and $3,296 X 1,282 =
$4,225 for B).




1) TO BE LOGGED IN 0.1 HOUR INCREMENTS; E.Q., 0.2, 5.8, 5.5, ETC.

2) A NORMAL WORKDAY IS 7.2 HOURS.,
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Sat/

Service/Functions Mon, Tuee Wed. Thurs. Fri. Sun.  Total
i, Breake 0.4, 0.4 03, 05 N 1.6
2. R&RA:

Directional 2.1 18 1.3 1.0 - — 82
3. R&RA:

Reterence 0.5 06 0.1 02 _— — 14
4. Circulation 31 43 15 1.4 . . 103
5. Shelving and

Reshslving — - — 20 — — 20
6. Photocopy

Services —_ - 4.0 —_— —_— — 40
7. —_— —_— —_— —_— — — —_—
8 — —_— — —_ — . —_—
9. Overhead 1.1 01 _— 24 . I 33
10, Other (Specify)
11. Hol/SL - — — _ 72 7.2
TOTAL 72 7.2 72 72 12  __ 30
hrs. hrs. hrs. hrs. hrs. hrs. hrs. hre.

Month Day Month Duy

Dates: Monday to Sund , 1990

Employee Signature

Supervisor Signature

Fig.9 Example of a weekly time log
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PERIOD OF OBSERVATION:

A B
Speclal/ Prop. of Prop. of Total
Operational Hours Hours Comp Hours Hours Comp Compensation
Functions 1,872 (%) $30,000 1,872 (%) $16,000 $46,000
Stock Development and
Management
Acquisitions
Mait Processing
Cataloguing
Catalog Maintenance
Physical Processing
Periodicals Binding
Invoice Processing
Reference & Readers Advisory
Directional 72 38 1,140 395 206 3,296 4,436
Reference 299 16.0 4,800 298 15.9 1,544 7,344
Online Bibliographic Searching
Ouick Look-up 102 5.4 1,620 1,620
in-depth 391 209 6,270 6,270
Circulation 87 4.6 1,380 521 27.8 4,448 5,828
Shelving & Reshelving 104 5.6 896 896
Photocopying Services 152 8.1 1,296 1,296
Equipment Services
Public Relations
Management and
Administration 431 236 6,930 6,930
Overhead 490 28.2 7,860 412 220 3,520 11,380

Fig10 Example of a staff allocation worksheet
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¢ Add new staff costs (¢.g,, $5,770 for Directional Query
Service).

To determine staff time and costs it is suggested that
supervisors establish about three to ten basic activities for
cach staff member to be included on the log sheet. A
combined log (i.c., a log that combines input time and output
quantities) can also be used, if preferred. The activities given
on the Weekly Time Log (see Figure 9) sheet are presented
as examples. Items 2—9 could be left blank for supervisors
to fill out for cach staff member. Supervisors should
determine which activities to record for each of their staff
members, Generally, all of the 60 activities listed in Chapter
4 should be covered at minimum. Other activities to be
included should be those that involve substantial ime or that
the supervisor is intcrested in monitoring over time. The
amount of time devoted to various activities can be
monitored over time to establish trends in the way in which
staff members devote their time, particularly for activities
that do not deal directly with specific user services (e.g.,
acquisition or document ordenng) or those related to
specific output (e.g., number of items originally catalogued).
Otherwise, the input measures will be related to output
measures to establish operational performance indicators.

The Weekly Time Log should be completed each day to the
staff members’ best abilities. Each day should nclude 7.2
hours for full-time staff. Time should be recorded to the
nearest 0.1 hour to add up to 7.2 hours each day. Each week
staff members should hand in a log that they have signed or
witialled (at the bottom of the form) If abscnt, the staff
members should complete the logs on their return. Staff
should also record the total amount of time for the week for
each activity worked on duning the weck (i.c., row totals).
Staff costs witl be determined by multiplying individual staff
hours times staff rates (i.e., salary plus overhead divided by
1,872.) Thus can casily be done if a spreadsheet program is
available.
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All appropriate resources should be identified for each
activity and cost to be measured for resources and staff
activities. Suggestions for recording these data arc given in
the following example. The sample spreadsheet format 1n
Figure 11 can be used as a guide.

Measuring Costs of Other Resources

Cost finding is more difficult for non-staff resources. Many
times it is best to estimate the cost of an activity on an item-
to-item basis (e.g., total vendor invoices for online biblio-
graphic searches; cost of photocopies, etc. for online
searching). Other times the costs of some resources (e.g,
computer system, postage, some supplies, €ic) can be
established for services by allocating their total costs across
service items. Such =~ource costs can be derived from line
items in the inforr 1atior center’s budget.

Fixed costs may require depreciating expenditures over
time. It may also be necessary to allocate the depreciated
costs to activities. Depreciation involves spreading capital
expenditures for such items as computer systems,
microform reader/viewers, other equipment, facilities, etc.
over a useful period of life. If equipment and other similar
expenditures have not been depreciated, the steps
menttoned above provide a method for doing so.

Once a resource item’s cost for a year is determined, 1t may
be necessary to allocate the cost across two or more
activities, since expenses for some resources or items might
apply to more than one activity. Examples tnclude
depreciated computer system costs (e.g., $4,000 per year),
annual fees, total postage costs, etc. In these instances, the
costs must be allocated between vanable and fixed costs.
Suggested steps for making such allocations are:

® Design an allocation worksheet (see Figure 12
OTHER RESOURCE ALLOCATION WORK-
SHEET).

o
f Goputer System/ | ‘
= staft BEquipment, etc. Extemal Services %
{ Function/Activity
{ Staff Member Hours Itens H Items $ ‘
{
| 1
{  Make phototopies 1 1,567 |$11,752 |Photocopiers $ 8,809 |Nooe ‘
i 2 462 |$ 3,615 Maintenance § 65 |
|I 3 108 {$ 934 [Other § 52 |
! fzmemmee T - |
= TOTAL | 1$16,301 $ 9,989 |
| | {
| I ) 1 | | I
|
Foatage, envelopes, t
Facilities Supplies, etc. COLLECTION Other Resources TOTAL
] |
Items $ Items $ Items [ Itew I s $
| !
{ !
408 # ft. $10,473 |Paper $ 4,981 jAllocation of §$30,400 |None ]
Furniture § 58 |Toner $ 32 |collection use ) I !
ovhar § a 1 { {
1 ‘ .........
TOTAL $10,531 TOTAL $ 4,618 iSJO,GOO 1 §71.839]
| I {
[ ! |

Fig.11 Spreadshest for displaying diract input costs of
activities
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® TFor cach cost item (ie, resource) establish a
reasonable basis for determining the proportion of
costs that should be allocated to each service. For
example, computer depreciation costs can be allocated
on the basis of relative time used for services, postage
can be allocated by number of items sent for the
services, etc.

®  All computer time can be allocated, or if idle time is
known, the idle time can be allocated as well,
depending on one's ability to determine proportion of
time (sce the previous section on allocation of staff
overhead cost).

®  Proportion of costs for each cost item should be
calculated and recorded.

® The costs of each service can be csumated by
multiplying the total costs times the proportion (e.g.,
0.70 x $4,000 = §2,800 for computer).

¢ Total other resources cost associated with a service can
be found by adding across cost items for each service,

Costs expressed in terms of monetary umts (dollars) provide
a common unit of input for all resources (and services).

A sample spreadsheet for displaying input costs and output
quantitics was given earlier in Figure 11, The service in the
example on the sample spreadsheet 1s Making Photocopies,
and the resources used for the service include staff,
photocopying equipment, facilities, supplies, and the
collection. Allocation of collection costs is not normally
done, but there are philosophical reasons for doing so if
desired. The total cost across all resources for this service is
$71,839. Cost per document photocopied is $0.20 per
document copy and cost per page 1s S0.098 per page.
Methods for measuring output quantities are discussed in
the next subsection.

The costs of all resources are affected by the attributes of
resources (e.g., the experience of staff, the storage capacity
of computers, etc.). The spreadsheet program should record
important attributes such as the staff leve! (i.c., professional,
paraprofessional, clencal support, etc.) and salary scale. In
this way, staff productivity can be observed at several levels:
individual staff productivity, productivity of each level of
staff, productwvity of all staff in the unit (department/group,
etc.). It is not necessary to measure the attributes of other
resources on an ongoing basis unless current decisions
regarding such attributes are to be made. If, for example, a
decision to purchase new equipment is required, then one
can establish the effects of the various attributes of current
computer systems, microcomputers, terminals, photo-
copiers, facilities, etc. on the service outputs.

Measuring Service Output Quantities and Attributes

Service output is measured in terms of quantities produced,
quality, timeliness, ctc. There are a number of ways in which
work output can be measured, although many activities
simply to do not lend themselves to specific output
quantities (nor to quality or timeliness for that matter).
Quality can be observed by supervisors’ (or someone else
qualified to check quality) random inspection of output of
someane’s work Timeliness can be observed by 100 percent
observation of events or by random spot checks. Many of the
output quantities should be measured as a matter of course,
Materials purchased, interlibrary loans, reference inquiries
handled, etc., should all be quantities that are kept routinely.
‘Table 4.1 in Chapter 4 listed basic services and activities of
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an information center together with suggestions for output
measures.

Output quantities can be measured by individual staff
members. For cxample, a weekly output log can accompany
the weekly time log for some activities. A sample weckly
output log can be found in Figure 13. On the log are output
quantity measures and blank spaces for recording the
amounts for cach day of the week. Supervisors will have to
determine which output quantities to collect in.this manner
and then record the appropriate output quantity measures
on the form. The dates of data collection and signature for
both employees and supervisors should be obtained.

There is some merit n recording output guantities along
with input times so that employees get a sense of their own
productivity, especially if recorded on a daily basis as
suggested. It can be cye-opening for employees to have to
record these data.

Service output attributes include quality, timeliness,
availability and accessibility of services and operational
functions. Service output attributes are generally more
dGifficult to measure than service outpu? quantities. Methods
are described in Chapter 6 for measuring service output
attributes.

5.3 General Approach to Evaluating Information Center
Automated Systems

The approach discussed in this section relates the evaluation
of an automated system to its role in supporting the mission,
goals and objectives of the center, and therefore, the center's
parent organization as a whole, Our approach to the
cvaluation of automated systems involves three levels (or
perspectives):

®  Automated system level
® Information center
®  Organization level

The object of evaluation in this example is the automated
system. However, we have found it very mmportant to
consider the total environment within which an automated
system operates; otherwise, one might make decisions
concerning automated systems without regard to how the
system actually affects the information center, its users, and
the organization being served. Furthermore, the objective of
developing a methodology to address future directions for
the center’s program efforts can not be properly achieved
without evidence concerning all three levels.

Below we describe in more detail what 1s meant by the three
levels of evaluation and why evaluation is performed n this
way. Later in this section we descnibe how the various
measures and models can ensure that the automated system
helps the center fulfill sts role within the organization.

Evaluation from the Auto'nated System Level Perspective

The automated system can be evaluated from a series of
interconnected perspectives. First, the system can be
evaluated in isolation from its environment. This type of
evaluation 1s done in “benchmarking” different automated
systems’ performance against some standard measure of
performance. In these cases, each system beng evaluated
against the benchmark is made to operate under the same
environmental conditions and constraints. The automated
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systems are generally “emptied” of all unnecessary data and
programs, except those that are needed to conduct the
evaluation, A predetermined number of data records in a
predetermined format are usually loaded, together with a
program that will perform one or more operations on the
data. The program is then run for either a pred. ‘ined time
period or for the time necessary to perform a function (in
which case the time taken to perform those operations is
measured). In either case, the performance of the system is
measured mn terms of “quantities produced per time
interval”,

The types of evaluations range from the very simple such as
number of additions performed per minute, or time taken to
sortalist of N items; to the rather sophisticated, such as the
number of predetermined, simultaneous user transactions
that can be performed in an hour. Nevertheless, what
distinguishes this level of evaluation from another level is
that the system is cvaluated against other systems
independently of the environment in which they are
operated. Such evaluation 1s uscful for the following
purposes:

® cvaluating the “compute power” of an automated
system against other systems (thts can include other
systems of the same manufacturer or vendor, or other
systems performing similar functions)

®  cvaluating whether or not the computer configuration
being evaluated can cope with anticipated workloads
(at both normal and peak operaticn)

¢ providing a bascline of performance against which
various operational mixes can be evaluated (a nearly
“empty” machine being as closc to an “ideal”
environment as possible).

In addition to such automated system performance
measures mentioned above, onc can also look at other
automated system components as well, such as the
information content or form. These components also affect
system use, effectivencss and higher order effects,

Evaluation From the Information Center Perspective

Another level of automated system evaluation 1s from the
perspective of the organization within which 1t operates, At
this level the evaluator would be concerned with how well
the system supports both the day-to-day operation of the
mformation center and the needs of users of the center. Both
the center staff and center uscrs are users of the automated
system. Some <ystem functions (or modules) are used only
by center personnel (such as cataloging or circulation),
whereas others are used by both staff and users (such as an
onlin catalog). Thus, an evaluation would be conducted at
this level according to the specific function/module, and
according to the type of user (ie., staff or user), The
evaluation at this level relates how well the system performs
in supporting the particular function and-how effective the
systemis to its users, We think of performance 1n such terms
as output quantities produced, quality and timeliness. For
example, the performance of an automated cataloging
system could be measured in terms of the time taken to input
a complete bibliographic record, or the time taken to input
an item/holdings statement, or the number of records that
could be input per hour, response time, etc, On the other
hand, effectiveness is measured from the perspective of the
user of the system in such terms as amount or frequency of
use, amount of repeated use, user satisfaction, etc. Other
factors that relate to effectiveness include ease of use of both
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procedures and equipment, physical comfort of the
workstation/terminal and display, availability of system help
messages, availability of other forms of assistance (such as
center staff assistance to center users), etc.

Evaluation From the Organizational Level Perspective

Often the mission of an information center is to provide
comprehensive support to the parent organization to
achieve its mission. To any extent that an automated system
helps the information center to fulfill the mission, 1t also
helps the organization to achieve its more global mission.
Thus, this third level of evaluation would relate the use of the
automated system to the use of the center, and the use of the
center to the work of the professionals it serves. Evaluation
studies of this type should demonstrate not only the
immediate effects of system use but also the extent of
subsequent or higher-order effects.

Linking the Three Levels of Evaluation

The general approach to evaluating the automated system s
displayed in Figure 14. Across the top of the figure aic
several related aspects:

hardware/software components

machine performance

system factors

system attributes/variables

system effectivencss

higher order effects/consequences of system use

The first four aspects correspond to the automated system
level referred to previously, the system effectiveness to the
information center level and higher order effects/
consequences of system use to the orgamizational level, The
arrows indicate that one aspect affects the next one, That is,
hardware/software  components  affect  machine
performance, which affects certain system factors which
affect system attributes (or variables), which affect system
effectiveness, which affects consequences of system use.

The system hardware/software components include CPU,
internal memory, external memory, functions/modules,
indexing structure, and communications. The machine
performance of quantities processed, processing time,
response time, etc., clearly depend on these components (as
well as other components such as vendor). Furthermore, the
functions (or modules) supported by the system are an
important system factor and the desree to which the overall
system performs 1s dependent on .nese functions. System
effectiveness depends on several system attributes of the
function/module factor. Such attributes are the quantities of
information available. quality (accuracy and precision),
currency of information, umeliness of response, cost and so
on.

We suggest grouping system tactors and their attributes
together because the information center has some direct
influence on them through -ystem configuration and
management modifications.

In addition to functions/modules supported, another factor
over which the center has control 1s promotion, which: “fects
user awareness, perception and understanding of the
system; all of which partially contribute to system use and
cffectiveness.
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There are some system factors which cannot be influenced
directly by center or organization personnel, but knowledge
of which can be vory helpful because of their indirect effect
on use. These include user-related and environmental
factors. User-related variables include the cducation,
training and specialty of users, their exposure to and use of
automated systems, and age. Ewidence suggests that
frequency of use of automated systems is related to such
variables, Similarly, environmental factors such as location
of terminals and wvisibility of terminals to users also affect
system use.

One approach to this level of evaluation 1s to measure and
evaluate system attributes and variables and to develop
models for cstimating the relative contribution that they
make to the use of the system and then to the consequences
of system use.

Most evaluations merely measure either attributes 2nd user
satisfaction, or frequency of use. The power of modls for
actually linking attributes with frequency of use is tha tt ¢y
estimate the relative contribution that attributes, sucn as
cost (to use), timeliness, quality, etc., make to frequency of
use. Thus, decisions can be made concerning functions/
modules supported and promotion alternatives based on
both cost and effectiveness (in terms of amount of usc of the
system).

Frequency of use per se does not totally indicate system
effectiveness. One must consider higher order effects as
well, Obviously, improved user productivity, better research
and more effective management are important
consequences of the system. It is very useful to determine the
effectiveness of information systems by estimating the cost
and benefits of systems by comparing the current system
with altérnative methods of obraining information (or
alternatives to not having the information). Such
comparisons are made at all the Jevels mentioned above; that
is, system attributes, frequency of use, and consequences of
use. At eachlevel, if the comparison is favorableitis counted
as a benefit and if it is unfavorable it is counted as a cost (or,
perhaps more appropriately, a detriment). As the levels
aggregate it becomes more and more difficult to measure

and/or model so that it may be necessary to make
comparisons in nor-quantifiable terms.

Finally, in this evaluation approach it is assumed that the
mission of the automated system is in some way related to
the higher order effects/consequences of the system. The
goals of the system are broad statements of ways in which the
mission can be achieved. System objectives can be stated in
terms of system use or effectiveness. Within cach goal are a
sct of such measurable objectives. Then, using the
evaluation approach set forth in this chapter, one can also
make decisions on the basis of how they affect objectives,
goals, and mission of the information center.

Details of the Automated System E-aluation

As mentioned above, there are many factors that contribute
to the use and usefulness of a system such as an automated
system. The information center has direct control over some
of these factors through, for example, system design
modifications. With other use-related factors, the center can
only take indirect actions such as by training programs,
Below we sub-divide the system factors into groupings that
mply different levels of solution or action that can be taken.
Associated with each of these system factors are attributes
or variables that can be measured and which can be used n
models for estimating purposc and amount of use, or
effectiveness. The models can also determine the relative
contribution each attribute makes to the frequency of use of
the system. The listing of potential system components and
their attributes are given in Figure 15.

Information is sub-divided into two principal components:
information content and information form. Information
content is the actual message which is being conveyed.
Attributes related to information content include accuracy
and precision (i.e., the “dosage” of information content: is it
too much or too little?). Other attributes related to use and
usefulness are currency, completeness, and availability. The
second information component, form, includes the format
of the information, the structure, and medium (eg.,
electronic, paper, microform, etc.). Together the different
aspects of information form comprise the “package” used to
communicate the information content. Examples of
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Fig.15 Relationship of functions/modules supported
factors and system attributes

attributes of information form are-given in the figure and
include accuracy, precision, timeliness, and acr ~ssibility. As
a matter of further clarification, we also .nink of the
nformation content along with purpose of use as user
information needs, and the attributes associated witl,
information content and form are user information
requirements. Both are cssential to evaluating system
effectiveness and value.

In addition to the content and form the automated system
includes an access mechanism. One major cosnponent of
this mechanism is hardware/software uscd to provide user
access to the automated system, This includes computers,
computer storage units, and various other peripheral
devices, such as terminals, pnnters, modems, and
controllers. The hardware/software empleyed can seriously
affect ultimate system performance and system
effectiveness. O r hardware considerations affecting
system perforr..  : and effectiveness are the types of
communications .. - ;s supported by modems, the amount of
internal memory in the computer supportung the database,
etc.

Another component of the access mechanism is the
communications infrastructure which supports user
interaction with the database. The nature and extent of this
infrastructure, measured in terms of type of
communications line (direct dedicated, dial up, voice-grade,
data lines, hardware, etc), can also affect system
performance and effectiveness. The speed of data
communications can affect the speed of response of the
system (as will some of the hardware attributes).

The components, hardware/software and communications,
com: .ing the access mechanism should be evaluated in
terms of how they affect system performance and
effectiveness. For example, output attributes can be
measured in response time, flexibility of the user interface,
case of use of the user nterface, efficiency of system
resources utilization. These system output measures can be
related to effectiveness through correlation with frequency
of system use, purpose of use, user satisfaction, and so ot.
Alternatives that might be developed to improve
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performance and/or effectiveness include the possible
development of multiple user interfaces (for example, one
for exparienced users and one for occasional users, or one
for specialists and one for non-specialists) to improve
flexibility and use of the system.

Promotion of information systems, services or products can
be evaluated in terms of their attributes, effects on frequency
of use, and higher order cffects. Presumably, the objectives
of promotion are also to ncrease the use and effectiveness of
the automated system and achieve it goals and mission. One
can subdivide promotion into public relations and price (see
Figwie 16). There are many ways that public relations can be
achieved including exhibits at the center, flyers, or
newsletters sent to users.

ten
gssten — P Atribates/
b \ariables
T amotion
c tfon,
Bxt.ibits Avareness
Newsietters Perception of system
Flyers Understanding
Direct contacts Recall
Number of contacts
Themes
Price
Exchange of monies Dollars
Other Costs
User Time Labor time

Fig.16 Relationship of promotion factors and system
attnbutes/variables

Normally price or cost of use ate included as an attribute
(e.g.» in conjoint trade-off analysis), but we mcluded it here
as a component of promotion, The reason that we normaliy
evaluate price as an information service attribute is that
users pay for both the information content and information
form (i.c., value added by improvements in attributes of
format, structure, and medium). Thus, we have found it very
useful to determine the trade-offs to users in terms of what
they are willing to pay for various levcls of quabty,
timeliness, etc. In the automated system, the “price” paid for
information content is the time and effort users expend in
gaining access to, assimilating and using information. We
have found with bibliographic information systems, that the
“price” is sometimes too high to pay. Thus, users either use
intermediaries or simply do not get the information (see
Chapter 9).

There are a number of user and environmental factors that
can be correlated with purpose of use and frequency of use
of the automated system. There are some user-related
factors that link information content and form to frequency
of information use. For example, ceriain ways of expressing
meaning varies by specialty and age. Certainly, experiencein
using various media is linked to age. These relationships are
shown in Figure 17,

There are several important or potentially useful user-
related factors that might be used in evaluating such as age
and resistance to new technology. We have also found that
there are a number of environmental factors that are related
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to frequency of use in systems as well, The most important
such environment.. Z>etor is the location of terminals and,
relatedly, visibility of the terminal to users, distance (in time)
to the terminal and availability of a terminal based on
competition for its use.

Systen PRy
Factors > “:m”::/
User-Related Factorg Training & Specialty

Geogeaphic Location

Fig.17 Relationship of user related factors and system
attributes/variables

Over the years we have made a definitional distinction
between system performance (e.g., output quality, quantities
produced, timeliness, etc.) and effectiveness which measures
the consequences of the system. Design and other system
decisions can directly affect output attributes, but one must
assume that higher quality, faster response, etc. will have
positive effects such as greater user satisfaction, more
frequent use and positive higher order cffects such as use of
primary materials and how that affects work. Later we will
show how to determine, through models, the extent to which
output attributes affect frequency of use. Here we discuss
examples of measures of first order effects of the automated
system.

The first etfectiveness measure is user satisfaction (see Part
3). Here system users are asked to indicate their satisfaction
with system performance such as with system response time,
accuracy and so on. These measures are made by employing
Likert like scales (1 to 5). Then, actual measured attributes
are correlated with user satisfaction. For example, one
should be able to obtain measures of system response time
and user satisfaction. System response time can be observed
generally with the controlled system crhancement and
experimentation and correlated with general observations
of satisfaction with this attributc. However, if possible,
critical incidents of use should be employed to directly
correlate observed response times with the satisfaction
indicated in a user survey.

Frequency of use is partially dependent on user satisfaction

However, we have found that both measures of effectiveness
should be observed, over time. One reason is that increased
frequency of use over time can be misleading, if for example,
there is a great deal of initial trial (or learning) of a system as
may be the case with the new automated system. For this
reason, we also like to measure “trial and repeat” use of
systems. Secondly, declining use does not tell why the system
is being used less. One can often determine why by analyzing
user sstisfaction with specific performance attributes and
the actuat attributes measures.

In addition to frequency of use it is important to determine
purpose of use. This 1s necessary because certain
performance dttributes may be important to specific
purposes of use. An extreme example is that speed of
response, accuracy of information, content, and highly
precise information 1s absolutely necessary sometimes. Such
levels of performance attributes are not necessary at other
times or for some users. Purposes of use are related to the
value that is derived from information use.

All of the principal measures of automated system first
order effectiveness should be observed: user sansfaction
with specific ‘performance attributes, repeated use,
frequency of use and purpose of use. Specifically which
performance attributes and purposes of use to be employed
in the evaluation should be determined early 1n the project.
The uses can be sub-divided into meaningful categories
depending on relationship to both performance attributes
and likely higher order cffects. Such categorization can be
determined by a combination of prior work at the center,
experience with similar systems, review with knowledgeable
experts, and literature. All of the measures chosen for the
evaluation should be incorporated into models of these
relationships, if possible.

The true justification for information system expenditures is
higher order effects achieved as a result of using the system,
Higher order effects can be observed and measured by
cither asking professionals to indicate what these effects are,
or by observing user behavior over a period of time. Either
way, the estimates are usually “soft” because of the many
other factors that contribute to user behavior. We heve
found that observing specific critical incidents of use
(chosen randomly from a set of uses over a specified time
period) provide much better analytical results than asking
general questions about information use and its
consequences. For survey purposes, this permits the users to
focus on specific perfonnance attributes, satisfaction,
purpose of use, and consequences. This also provides a
much more statistically sensitive correlation of these
measures. It is anticipated that such observations will come
from the users as well as online surveys.

There are several powerful models for linking information
system attributes to frequency of use (Figure 18). Which of
these models should be used for the automated system
evaluation depends to some degree on the evaluation plan.
The first of these models is a conjoint measurement trade-
off model. This model, in effect, establishes the relative
importance of system attributes such as quality, timeliness,
response time, etc. The conjoint method involves a
questionnaire and interviewing technique that forces users
to make choices between levels of pairs of atiributes. Value
“utilities” are derived from these user choices to indicate the
relative importance of all the attributes (and their level) or
compare several attributes against one such as cost to use
One can then correlate the utilities of the attributes with
frequency of use (of an information product). Our greatest
success with the conjomt measurement method has been
with critical incidents of use rather than with general
comparisons of attributes, This is because every single use
varies in terms of relative nr.portance of attributes (sec
Chapter 11).

Examples of conjoint measurement analysis include: online
and manual bibhographic searching (two different systems),
products involving catalog subject authorities, document
delivery systems (i.c., distribution of journal article copies).
Examples of the important attnibutes of these informatton
systems are relevance of output, number of items retneved,
speed of delivery and price (bibliographic searching),
frequency of publication, publication medium, cumulative
or not, and price (for the subject authority product), and
speed of delivery, reproduction quality, availability of
special graphics or not, and price (for the document delivery
system). In each instance, the trade-off analysis can be done
for different user population segments or for comparison of
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several attributes against one specific use. Data collection
methods included self-administered questionnares and
telephonc interviews. Another kind of trade-off analysis can
be performed using disaggregated multiple regression
models. This modelling technique has the advantage over
conjomnt measurements of incorporating both product
attributes as well as other factors such as user and
environmental factors, For example, for scientific journals,
we determined the relative contribution that (1) quality of
journals, (2) number of articles, (3) price, (4) whether a
journal is part of a professional society membership or not,
(5) availability in information center, and (6) distance to
information centers makes to personal subscription to
journals. The problem with this technique is that it is very
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Another model involves cluster analysis. A form of cluster
analysis 1s market segmentation or multi-dimensional
scaling to determine groups of users (grouped by their
attributes) that are more likely to use systems such as the
automated system. The problem with the way researchers
analyze market segments or clusters is that these clusters are
not then rclated to frequency of use. By using multiple
regression modelling (or disaggregated multiple regression
analysis) three linkages can be made. For example, the
dependent variable can be frequency of use and the
independent variables can be system component attributes,
promotion attributes, environmental attributes and user
related attributes, promotion attributes, environmental
attributes and user related attributer determined from
cluster analysis.

i r
@ Effectiveness

Conjoint Measurement/
Disaggregated Multiple

Regresajon Fodels User Satisfaction

Cluster Analysis/

Multiple Regression Purpose of Use
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Chapter 6

Quality Assurance Surveillance of Information Center Operations

6.1 Background

Chapters 3, 4, and 5 discuss evaluation of the performance
of information center operations and services. In particular,
we discuss performance evaluated from the standpoint of
input costs and attributes, output quantities and attributes,
and relationships between input and output. Information
center funders and managers are becoming increasingly
concerned with controlling productivity and performance of
operations. For example, all Federal libraries and
information centers in the U.S. subject to OMB Circular A-
76 are required to operate under a formal Quality
Assurance Surveillance Plan (QASP). This procedure
ensures that acceptable levels of staff productivity are
achieved for relevant functions or activities. In this chapter
we provide a brief description of measures and methods that
might be used for Quality Assurance Surveillance.

In this chapter we describe measures of individual
performance of information center staff, The performance
measures deal primarily with services to users involving
specific or identifiable center user services (e.g., online
database searching, interlibrary borrowing, translation,
etc.), operational functions that involve a high degree of
professional or intellectual work (eg. cataloging), or
production-like activities (¢.g., shelving, photocopying, etc.).
Below we list some functions and activittes for which we
recommend maintaining measures of performance and we
present examples of acceptable levels of performance.
Following that we provide suggested methods for observing
and controlling (in a quality assurance sense) performance
of staff. Note that the process should be an evolving one in
which measures are observed and changed to reflect the
practical aspects of knowledge work. Clearly, performance
ratings must go beyond the data collection suggested here, to
make sure the measures are fair, feasible, and practical. The
suggestions below may go beyond what an information
center might ultimately arrive at. However, they can serve es
abeginning from which to work.

6.2 Performance Levels of Activities and Functions

The principal methods of Quality Assurance Surveillance
involve traditional quality control (QC) procedures. There
are several aspects of these procedures that one must
thoroughly understand. Below we discuss these aspects and
give several examples for each:

®  Functions or activities being observed
~  online bibliographic searching
~ original cataloging
— collection development and management;
selection of materials

®  Units or transactions measured
—  full searches of online bivliographic databases
-~ items (e.g., books) originally cataloged
— items (e.g., books, journals, etc.) selected by the
collection development process.

®  Ousput attributes measured
~  number of days for delivery measured from a
negotiated delivery date of full searches of online
bibliographic databases
—  qualityof original cataloging
— relevance of items selected by the collection
development process
&  Acceptable quality levels
—  full searches delivered within one working day of
negotiated delivery date
— items should be originally cataloged to center
conformance standards
— [Items selected by the collectton development
process should meet center conformance
standards of relevance

®  Rejection criteria

— No more than 5 percent of the search results
should be delivered beyond one day of negotiated
date of delivery.

— No more than 10 percent of items onginally
catalogued should fait to meet quality
conformance standards.

— Nomore than 10 percent of times selected should
fail to meet conformance standards of relevance.

®  Methods of surveillance

—  Review records monthly to see that full searches
are performed within acceptable times (i.c., 1 day
of negotiated delivery date).

— Sample 20 items originally cataloged every
quarter. The sample catalogs are inspected to
ascertain that original cataloging conforms to
center quality standards.

— Sample 100 items selected by the collection
development process each year. The sampled
items are inspected to establish that they meet
center relevance standards.

Note that the last two methods of surveillance above involve
samples. More detail concerning Quality Control (QC)
sampling 1s given in the next section. In these instances the
estimates of proportions which do not meet standards are
subject to sampling error. Thus, some latitude is provided in
the sampling to minimize the risk of rejecting work when, in
fact, it is acceptable. Procedures are discussed in the next
section for how this is don.

The QC procedures require that rejection of work output be
based on a proportion of units of output (or transactions)
which do not meet acceptable quality levels. This method
assumes that the information center can develop meaningful
and relevant conformance standards. Many of the
information centers we have worked with have developed
such standards. One can also set rejection criteria on other
operational performance measures as well, such as
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productivity. Examples of acceptable levels of productively
might be two titles originally cataloged per hour or eight
invoices processed per hour. It is useful, if possible, to set
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Below we list examples of functions and activities for which
one might observe performance measures. For each one we
also provide suggestcd measures and the basic method of

productivity levels at different acceptable levels of quality. observation,

Collection Development and Management
Review and select materials

Review and select materials for withdrawal

Acquusttions

Acquisition of monographs, serals, etc.

Matenals Recewing and Mail Processing

Materials handling

Copy and Enhanced Cataloging

Original Cataloging

Cataloging Maintenance

Items selected by the collection department process should meet
center conformance standards of relevance. No more than 10 percent
of items selected should fail to meet conformance standards of
relevance.

Survey users annually to detcrmine level of satisfaction with collection
scope, comprehensiveness, and relevance.

Annually review crrculation records and in-house use to sec which
items are never used. Establish that there are no more than 10 percent
of the items (acquired in the last two years) that are never used.

Review items recommended to be withdrawn and establish that fewer
than 10 percent are judged not appropriate for withdrawal,

Normal orders should be placed within five working days of request, 98
percent should be placed within five working days and none over ten
working days.

Rush orders should be placed within 48 hours of request.

Normal receipts should have immediate notification and receipts
processed within the hour. All rush matenals should be processed
within one day.

Rush receipts should have immediate notfiction and receipts
processed within the hour. All rush materials should be processed
within one day.

First order items should be claimed within two months of date ordered
and monthly thereafter. No claims should extend beyond two weeks of
specified time.

Claiming of serals 1ssues should be made within onc week of
identification of overdue date and monthly thereafter.

95 percent of continuing serials 1ssue receipt should be checked n
within one day of receipt and 100 percent within two days

Productivity of ordering and order control processing should be 5
items per hour.

Incoming materials should be processed and dehivered within one day
of recetpt. All items shoutd be processed within two days.
Productivity of mail processing should be 10 normal mail tems per
hour and 4 packed items handled per hour.

Items should be copy-cataloged and enhanced to mformation center
conformance standards. No more than 5 percent of items should fail to
meet conformance standards.

Productivity for copy cataloging should be 4 titles per hour.
Throughput time should be less than § days No more than 5 percent of
titles should take more than 5 days.

Items should be origmally cataloged to information center
conformance standards. No more than 5 pescent of items should fail to
mcet conformance standards.

Productivity for original cataloging should be 2 titles per hour.
Throughput time should be less than 5 days. No more than 5 percent of
titles should take more than 5 days.

Review items and card files and dispose of items and/or cards within
one wecek of notification.
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Physical Processing

Spine labelling, bar code labelling/linking
Other physical processing

Prepare materials for binding and repair

Periodicals Binding

Invoice Processing

Prepare invorces for payment and payment
document

Online Database Searching

Selective Dissemination of Informaiion

Circulation Activities

Translanon

Shelving and Reshelving

Interinstuutional Borrowing and Lending

Interinstitutional borrowing

Interinstitutional lending

Photocopying

W=
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Resolve authority conflicts within one week of identification.

Update automated catalog/shelflist, authority file, etc. at prespecified
times.

Productivity for catalog additions should be 2 titles per hour.

Productivity should be 8 titles per hour.

Productivity should be 25 items per hour.

Prepare materials within one week of notification by supervisor to do
50.

Review within one week of schedule,
Send to bindery within one week of review
Shelve within one day of return to center.

Prepare within one week of receipt.
Productivity should be 8 invorces processed per hour.
Productivity should be 40 invorces per hour.

Full searches dehivered within 1 working day of negotiated date of
delivery. No more than S percent of full searches should be delivered
after 1 working day of negotiated date of delivery.

No rush searches performed beyond negotiated day of receipt.

95 percent of user satisfaction ratings at satisfactory or above ‘or
relevance cf response; response time; and number of items retneved

Scarches performed within two weeks of scheduled time.
95 percent of user satisfactton ratings at satisfactory or above for
relevance of response; response time; and number of items retneved

Surveys should establish that fewer than 5 percent of the users are
dissatisfied or very dissatisfied with speed of response at circulation
Random spot checks should establish that check-in and check-out are
done expeditiously and unnecessary queucs do not form

No more than 2 percent of translations completed more than 10 days
beyond negotiated time.

No more than 1 percent of rush requests within two days beyond
negotiated time.

No more than 2 percent of user ratings less than satisfied or very
satisfied for response time, accuracy of translation, etc

Productivity of shelving should be: 125—150 volumes per hour (bound
journal volumes), 150—175 1ssues per hour (loose unbound issues).
Sorting productivity should be 5 to 10 minutes per truck (depending
upon size of truck).

No more than 1 percent of ILL or circulated items shelved incorrectly.

No more than 10 percent of normal borrowing requests should be
processed in more than 1 day.

All rush requests should be processed within 48 hours.

Productivity of requests fulfilled should be 50 requests per hour (not
including photocopying).

No more than 10 percent of lending requests processed in morc than 3
days.

Productivity should be 25 imtial requests processed per hour and 4
lending items fulfilled per hour.

Productivity of photocopying should be 30 articles per hour.

No more than 2 percent of user ratings Jess than satisfied or very
satisfied for response ttme and quality of photocopy.
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6.3 Data Collection Methods for Quaslity Assurance
Surveillance

Data collection for staff performance evaluation is
conducted to help ensure that sufficient levels of
performance are achieved, To do this we suggest that several
measures be observed including: productivity, timeliness of
services and quality of some activities and services. There
are cssenfially six methods employed in rating staff
performance, as follows:

1. Observation of Productivity. Productivity is measured
by the number of items produced per work hour.
Output quantities may be observed by logs or other
means over a specified penod of time (e.g., one month
or quarter) and corresponding input hours observed by
logs, dianes, randon: observations, etc.

2. 100% Inspection or Observation of the Tuneliness with
Winch Activities Are Performed or Services Provided,
Timeliness is determined by recording when events
take place. Standards for the timeliness of an activity
are based on a proportion of events that are to be
accomplished within a specified time period. For
example, acceptable performance mght be that no
cvents be accomplished beyond specified time or fewer
than 3 percent accomplished beyond specified time or
fewer than 3 percent accomplished beyond that
specified time. Allevents (100%) would be observed to
make sure that acceptable levels of standards of
timeliness are achieved.

3. Random Sampling of Oupur. In most instances,
individual observations of performance are difficult or
expensive In these instances, the output of activities 1
sampled and inspected for timeliness or quahty.

4. Random Spot Checks. Spot chechs ascertatn that some
activities are bemg performed as specfied. For
example, the circulation desk might be observed at
random times to insure that 1t is manned, large queues
have not formed, and users are bemg served properly,
ctc. A spot check performed weekly or monthly can
venfy that this is happening.

5. User Feedback Including User Surveys. A survey of
users may be done in order to ascertain that
performance standards are being met (e.g., that a
standard for reference timeliness and quality is
maintained from the user perspective). See Part 3 for
in-depth discussions of user surveys.

6. Validated User Complaints. User complaints should be
encouraged. They should be received and verified as a
means of assuring quality of work performed. All
complaints should be responded to and the reason for
th= problems determined and addressed.

Each of these methods is described 1n more detait below,

Performance of a required operational function or service is
considered acceptable when the number of discrepancies
such as rush requests filled in more than 48 hourcis helow a
predetermined proportion of transactions. Most levels of
acceptance found through 100 percent inspection are stated
in terms of percentages. The percentages should be
computed periodically (usually monthly) by dividing the
number of discrepancies by a lot size or sample frame
(usually monthiy or quarterly output). For required services
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inspected by random sampling, the number of faulty items
or services which determine a lot rejection is determined by
an acceptance level and the statistical quality control
methods applied.

In many instances, the acceptance or rejection of
performance will be determined by 10¢ % inspection made
on a periodic basis (usually monthly) In order to assist
100% inspection to observe timelessness, it will be
necessary to maintain records (logs) of transactions so that
timeliness of events can be determined. In the examrple
above, a log must be maintained for each order covering the
date of request, date of order placement, date of return, date
of delivery, and so on. The logs (matntained manually or on
an automated system) could highlight acuvities that exceed
performance standards of timeliness. In other instances,
timeliness of activities, such as delivery of periodic reports,
can be observed through review of each report and its
delivery.

In order to assess timeliness, a set of guides are provided at
the end of this chapter. These guides (Observation of
Timeliness Guides Numbers 1 through 3) are based on
transactions which require records (logs) under any
circumstances and thus, records of timeliness (i.e., time at
which events are performed) are merely additions to the
existing logs. For example, a record 15 usually maintained
when a request is made for an item (see Observation of
Timehiness Guide No. 1). Examples of events which must be
recorded for that item to ascertain timeliness are: dates of
original request, when order 1s placed, claiming, receipt of
item processed, check in circulated item, modify copy, or
original cataloging. Obviously, these events involve several
functions including acquisition and cataloging. In order to
inspect timeliness standards for special cases, 1t 1s necessary
to 1dentify special classes of transactions. In the example
above, this would include distinguishing between normal
and rush orders; new serials or continued serials, and so on.

The surveiilance records can be maintained in any one of
several ways including logs or computer records. Such logs
or records should have some mechamsmy(s) for highlightiag
events that fall below the acceptance standards. Otherwise,
the logs or records must be perused monthly to identify
instances where the standards are exceeded.

The second principal method of inspection is random
sampling. In this case, a periodic (usually quarterly) lot of
output is sampled and inspected. For example, the
acceptance level or original cataloging is that no more than
five percent of the items onginally cataloged shall fail to
conform to information center standards. A supervisor, or
someone designated by the supervisor, should determine
whether sample outputs conform to information center
standards. For example, there might be 600 items originally
cataloged annually at the information center standards.
These are subdivided into quarterly output and randomly
sampled using the following methods. There are about 150
items onginally cataloged quarterly. These are the lots to be
sampled. There is a standard statistical guide for
determining sample size based on the lot size. This guide
recommends a normal sample size of 20 for a lot size of 150
(see Table 6.1). The level of acceptance and rejection is given
in Table 6.2. The acceptance levels in the table include 4.0
percent and 6.5 percent, but not 5 percent, thus 6.5 (higher)
is used.
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TABLE 6.1
SAMPLE SIZES TO USE AS A FUNCTION
OF LOT SIZE AND PRECISION REQUIRED

Lot Sze Normal Sampie Sze
2-8 2

8.7 3

16-25 5

26:50 8

51 -90 13
91150 20

151 . 260 32

281 - 800 50

501 - 4,200 80

1201 - 3,200 125

3,201 - 10,000 200

10,001 - 35,000 315

35,001 - 150,000 500
150,001 - 500,000 800
500,060 and over 1250
Source A Guide for Wrng and A Pert S of Work for

Service Contracts, Supplement #2 to OMB Cwcular No A-76

TABLE 6.2
MIL-STD 105D ACCEPTANCE, REJECTION LEVELS FOR
NORMAL INSPECTION
Acceptable quality Levels*
Sampio —A 5% —100%
Size Ac Re Ac. Re Ac Re
8* v ¥ 1 2 2 3
13 1 2 2 3 3 4
2 2 3 3 a 5 8

* Typical tablos have sais of 15 sampie sizes and 26 Acceplable Quaity Leve's

The table entry for 6.5 peicent and sample size of 20is 3 and
4, which means that nonconformance of 3 or fewer
cataloged items from the sample of 20 from a quarterly lot of
approximately 125 will constitute acceptance of that lot and
nonconformance of 4 or more cataloged items from the
sample of 20 means that the lot does not meet an acceptable
level of performance. It is noted that the rejection level of 3
nonconformed items corresponds to 15 percent ie, 3
divided by 20) wh:ch permits 10 percent (15 minus 5%)
leeway due to sampling error. The items to be randomly
sampled would be determined by the supervisor or other
designated person,

There are basically two ways in which random samples
should be selected, The first of these involves the use of
random tables. A table of random numbers is given below. In
the first sampling procedure, a lot from which the sample
will be drawn is listed or ordered so that one can identify an
item with a number (from 1 to the number of items in the

lot). Then random numbers are chosen from the table and
the numbers assigned to those designated in the lot. This
represents the sample. The second method involves
systematic random sampling. In this procedure, the lot size
(i.e., number of items in the lot) is divided by the sample size
to determine a sampling interval (e.g., every tenth or thirty-
second record). Then the first sample item is chosen by
choosing a random number from one to the number in the
sample interval (e.g,, 10 or 32) using the table of random
numbers. The remaming sampled items are chosen
systematically by counting the interval (10 or 32). Thus, if
the sampling interval is 32 and the first random number 1s
24, the samples are 24, 56, 88, 120, 152, etc. Instructions on
how to use the random table are given below.

The random numbers in the table are arranged in groups of
five numbers (1.e., 56651, 25480, etc.). To use the table,
begin by picking at random a group of numbers on any page
of the table. Various patterns should be used alternately. For
one sample one can use rows, for the next sample one can
use columns, and for the third sample one can establish a
diagonal pattern.

TABLE 6.3
EXAMPLE OF RANDOM NUMBER TABLE PAGE

Columns*
Rows* 1 2 3
1 58651 25480 46689
2 90578 71708 43472
3 31535 21726 32554
4 47490 16907 58179
s 48159 39410 05665

Note that typcal random tables have as many as 750 five digt sets of random
numbers per page

The use of vanety in the Random Number Table ensures
that patterns that might be detected by staff do not occur.
Besides starting at different random points and alternating
the patterns for finding a string of random numbers, the user
may at some point in time wish to use the first sigmificant
digits instead of the last. For instance, in the random number
group 58651 the last three digits (1.c., 651) are used when
looking for a random number with three digits, but there is
no reason why one could not, for a peniod of time, use the
first three digits (i.e., 586).

The person responsible for quality assurance should first
select the areas and times for random sampling using the
procedures mn the sampling guides and program these
mspections on the schedule. When the sampling procedure
does not allow for specific selection of inspection items
during the preceding quarter, it would be necessary to show
on the schedule the date and time the sample selection will
be accomplished and when the inspections will be
conducted. Then one should program into the schedule the
penodic checklist items to be reviewed during the period.
This schedule should show what the responsible person is
monitoring each day.

Tally checklists should be prepared for each sampling guide
and used to record information on observations and defects.
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Each observation in the sampling should be recorded on the
tally checklists. These documents then become formal
record for later reference. The tally of observations and
defects at the end of the month would be compared to the
acceptable number of defects appearing in the appropriate
sampling guide. Any errors detected during the course of the
surveillance, even if not of sufficient degree to render the
service unsatisfactory in terms of the acceptance level
parameters, would require corrective action by the
supervisor, if possible.

In some instances, inspection requires visual observation of
activities or events. In order to achieve such inspection,
random spot checks of the operation could be made by a
supervisor or manager. Such spot checks should be made on
a weekly and monthly basis depending on the observation
made. Note that the process of spot checks will have the
effect of the staff knowing certain activities have to be done
and on time.

In many instances, it is necessary to inspect a report or
output of an activity to determine whether it is provided
within quality standards. Examples of functions and
activities for these are listed below.

1) Monthly review of records to see that titles and items
requested are the same as titles received unless not 1n
print.

2) Menthly review of records to see that review for
subscription claiming is done twice per year.

w
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Special reports and other materials meet standards set
for content and format and time specified.

4) Observe repairs to sec that repair process meets
spectfications for al] items involved.

5) Observe mspection reports to sec that security
inspection includes all structural and environmental
features, the log meets specifications and performance
of safety officers mects requitements.

6) Review and compare all items chosen and deleted by
selection staff to see that they are appropriate.

7) Monthly review of records to determine if journal
continuity is maintained.

8) Meet with staff to determine that they maintain
currency of knowledge through specified means and
events and that this 1s reported in monthly reports.

9) Review records to determine that interlibrary
borrowing does not involve more than 5 requests for a
title,

10) Monthly review of records to determine that incoming
and outgoing mail is delivered correctly and messenger
assignment, are accomplished successfully.

OBSERVATION OF TIMELINESS
GUIDENO. 1

1. Function(s)

Acquire Maietials fur the informaiion Center.
Catalog and Classify Materials for the Information
Center.

2. Transactions

A transaction is acquisition of specific items (i,
monographs, serials, ctc.). Events associated with each
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transaction are traced from request through technical
processing.

Events

Events in which time should be recorded include:
Request
Order placed
Receipt processed
In-house routing of serial 1ssues
Claiming of 1st order items
Claiming of serial issues
Modify OCLC copy
Original cataloging

Special Classifications (Attributes)

Materials need to be identified in the following ways:
Normal orders
Rush orders
New serials
Continued senals
Continued serials (without lapse)

Surveillance Method

The surveillance method involves mspection of all
acquired items, the events isted above and when they
took place.

OBSERVATION OF TIMELINESS
GUIDENO. 2

Function(s)

Provide Information, Reference, and Research
Assistance Services

Transactions

Transactions are reference questions or full searches
imtiated by a user

Events

Request

Interview with user

Searching, packaging, and dispatch
Special Classifications (Attributes)

Rush searches
Walk-in requests
Telephone requests
Surveillance Method

Review records monthly to see that events are
performed within standard times.

OBSERVATION OF TIMELINESS
GUIDENO. 3

Function(s)

Provide Circulation Serviee for and Physical Access to
Information Center Materials

Transactions

Transactions are circulated items; interlibrary
borrowing requests; interlibrary loan requests; and
access through document delivery services.
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Events

Item need determined

Response

Follow-up overdues

ILB or document delivery vendor request

Repeat ILB or document delivery vendor request
ILB or document delivery vendor item sent to user
ILL request

ILL discharge

Forms filed

Materials shelved

Special Classifications (Attributes)

Rush requests

Sunveillance Method

Review request forms to see that events are performed
within standard times.

RANDOM SAMPLING
GUIDENO. 1
Function(s)
Catalog and Classify Materials

Unit of Observation

Ttems originally cataloged

Acceptable Quality Level(s)

Over 5.0 percent of items are not cataloged to
information center conformance standards

Lot Size for Sampling

All quarterly items cataloged
Sampling Size

Sampling Procedures

Divide the lot size by 20 which determines the
sampling intervals (e.g , cvery 6th record). Then choose
the first sampled item by choosing a random number
from one to the number in the sample internal @i, 6).
The remaining sampled items will be chosen
systemically by counting the interval (6).

Inspection Procedures

The items cataloged will be inspected to ascertain that
original cataloging conforms to standards.

Performance Criteria

Performance is satisfactory when three or fewer items
are not originally cataloged to conformance standards
and performance is unsatisfactory if four or more items
are not cataloged to conformance standards,

RANDOM SAMPLING

GUIDE NO. 2
Function(s)
Provide Information, Reference, and Research
Assistance services.
Unit of Observation
(a) A completed online search
(b) A completed manual search
Acceptable Quantity Level(s)
Over 6.5 percent of database searched online not
relevant to question.
Lot Size of Sampling

All on ne searches performed 1n a quarter.

Sampling Size

50 ontine searches quarterly.

Sampling Procedures

A systematic random sampling of online searches
where the sampling starting pomnt is varied weekly

Inspection Procedures

Each weck the online searches are identified and the
search procedures and output are reviewed from the
search records.

Performance Criteria

Performance is satisfactory if seven or fewer databases
are not relevant or do not show relevant items and
unsatisfactory performance 1s when eight or more
scarches do not meet these standards,
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Chapter 7

Statistical Survey Methods for Evaluating
Information Center Effectiveness

7.1 Background

In this chapter we discuss statistical survey methods used for
evaluating information center effectiveness. In particular,
these statistical surveys involve the middle perspective on
the framework given in Figure 4 in Chapter 2. In"these
surveys are such user-related measures as user input costs
(E on the figure), output quantities and attributes (F), and
activities and resources used in work (D). More specifically,
these surveys focus on information resources used (D) and
the interface (f) with information centcr output quality,
timeliness, accessibility and availability. In other chapters of
this Part on Evaluation of Information Center Effectiveness,
we give specific examples of survey methods applied to
evaluating the use and uscfulness of information centers
(Chapter 8), and use and usefulness of specific services
(Chapter 9), as well as higher order effects of information
use and the contributions that information centers make to
information use (Chapter 10). In this chapter we focus on
some fundamentals of statistical survey methods that can be
used for any of the statistical surveys applied in evaluating
information centers.

There are many instances in evaluation in which data about
information center services need to be collected from
individuals. Such data may provide information about who
uses and does not use center services and, more importantly,
why services are notused. Such information can also be used
to establish the use, usefulness and value of information
services on users’ work. Thus, one can link the performance
of services in terms of their quality, timeliness, availability,
accessibility, etc. to their purpose of use, and how their use
affects user’s work. A substantial number of evaluation
studies involve users of information services. In this chapter
we emphasize examples of survey methods that might be
employed in such evaluation studies, Again, we focus largely
on survey examples that fit the overall evaluation framework
discussed in Part 1, Chapter 2 of this Manual. Note that the
methods described here apply equally well to other survey
measures and evaluation studies,

User studies cited in the literature, for the most part,
nvestigate users of specific information services, products
or systems. The survey.methods described in subsequent
chapters provide a comprehensive set of surveys that,
together, provide a “complete” picture of the entire range of
services provided by information centers. Furthermore, the
surveys carefully tic operational performance (ie.,
relationships of a center’s input costs of resources and their
atributes and output quantities and attributes) to service
effectiveness. The focus of evaluation surveysis on users and
prospective users. We try to obtain Jata that indicate why
services are and are not used, and what the consequences of
use and non-use, are-to the information center and the
center’s and/or user’s parent organization.

The investment an information center makes in both time
and staff resources to conduct evaluation surveys will vary

with cach center and the services being evaluated. In every
case, however, management should ask what results will be
achicved from the survey before it is designed and
implemented. Evaluation surveys, in themselves, will not
result in change. The survey results are merely instruments
for change, to be used with other sources of information and
knowledge to be applied with good judgement. We strongly
belicve that evaluation surveys should be done only if
decisions are going to be based on them. We also
recommend that such decisions should be made within the
framework of the information center’s mission, goals and
objectives (see Chapter 1). With measurable center
objectives, one can derive meamngful evaluation goals and
measurable center objectives. For example, a center
objective for a particular service might be to provide X
number of transactions, of which 80 percent are to be rated
for quality and timeliness as satisfactory or very satisfactory
by users. The evaluation survey can then be designed to
measure the number of transactions and ratings of
satisfaction with quality and timeliness. In addition, the
survey can be designed to identify factors that affect the
number of transactions and user satisfaction, so that
decisions can be made to help increase the number of
transactions or satisfaction ratings, if they are found to be
too low. For example, satisfaction with timeliness of service
provision might be that some transactions require fast
response and others don't. Thus, a decision can be made to
handle “rush” requests differently from others. Or it might
be that the distance of some users from the information
center requires different response mechanisms. Number of
transactions can depend on many factors, such as inherent
need for the scrvice, competition from other sources,
awareness of the service and service performance. Thus,
data can be gathered about these factors to aid in decisrons
relating to the number of transactions stated n the
measurable objective.

Evaluation surveys provide merely a snapshot in ime. To be
an effective management tool, one must consider the
possibility of making surveys part of an ongoing process to
provide relevant management information. Surveys do not
normally need to be conducted weekly or monthly.
However, one should adapt procedures and a system of
measures about users that will yield data at appropriate
intervals of time. For example, if a center objective is to
increase levels of transactions (from X nuinber to Y
number) and satisfaction ratings (from 60% satisfied to 80%
satisfied) over three yea:s, one must be able to measure
pragress each year and to determine the effects of dectsions
{e.g., to handle “rush” requests differently, to increase
awareness of the service, etc.).

Finally, by knowing and understanding operational
performance (i.e., cost per transaction at various levels of
quality and timeliness), center management can estimate
what it would cost to achieve the center objective of

o e ey r o Sv———

= e e -

W opecy

e St et b R Sl Fot R

U

T TP, TSR N

v




60

increased  transactions and  satisfaction  ratings.
Furthermore, one can speculaie with some degree of
confidence as to what effect achieving *he objective will have
on users’ work. This presents a much stronger case to
funders for increasing budgets. Thus, evaluation surveys and
operational evaluation together, can facilitate planning,
management and administration, which can lead to better
servic.. This requires obtaining reliable and useful data and
information from evaluation surveys. Below we describe
survey methods that should achieve this objective.

7.2 Components of Survey Design and Application

There are eight basic components of survey design and
application as follows:

Overall evaluation design
Data coliection methods
Sample design
Questionnaire design
Data processing

Data analysis

Statistical analysis
Presentation.

Surveys are like a chain in which cach process in a survey,
like links in a chain, are equally important. If one process is
done improperly, the entire survey results can be ruined or
invalid results obtained, regardless of how well all the other
processes arc done. The eight components above are
discussed in this and subsequent chapters.

7.3 Overall Evaluation Design

The methods employed in surveys depend on the overall
evaluation design which is dependent on:

¢ the objectives of the evaluation and the decisions that
will be made as a result of the evaluation;

¢  who or what will be affected by the decisions (i.c.,
center staff, management, users, funders, etc.);

® the overall environment in which the information
center operates including such factors as a single
versus multiple sites served by the center, number in
the population served, whether or not the population
served is in (i.e, employed by) the same organization as
the center; and

® the current knowledge concerming center users and
prospective users.

These issues dictate to a large degree the survey methods
used for data collection, sample design, questionnaire
design, and the other components listed above. We
emphasize that there is also an interdependence among the
components. For example, data collection methods (e.g.,

2if-administered questionnaire, telephone interview or
personal interview) will dictate, in part, the questionnaire
design. How the questionnaire is designed will affect data
processing, and so on.

7.4 Survey Data Coliection Methods

Surveys obviously require input from respondents drawn
from the population being surveyed. Surveys should be
thought of as part of a communication process, where the
researcher (evaluator) is communicating with the
respondent (data provider). This communication is a two-
way process in that the wording of questions is the

rescarcher's izethod of communicating and responses to the
questions form the respondents’ communication.
Sometimes we ask respondents if they would like to see the
survey results,. The communication process .an be
characterized by the degree of interaction between the
respondent and the evaluator. The utility of various methods
depends on such factors as required accuracy of
communication, time and cost constraints. There are six
basic survey data collection methods that mighs be used for
evaluation purposes® ¢,

®  Self-administered questionnaires. This is probably the
most commonly used data collection method, The
method involves (1) sending the questionnaire to
respondents through the mail or the organization’s
distribution or (2) handing the questionnaire to an
information center user, who is asked to fill it out and
return it to the center or evaluator. This method is
inexpensive and has the advantage of letting
respondents fill out the questionnaires at their own
pace and to think about their responses more
thoroughly. However, this method has the distinct
disadvantage of potential low response rates. Typical
mailed questionnaires, for example, often result in less
than 20 percent responses and questionnaires handed
outin information centers often resultin less than one-
third responses. Those who voluntarily complete a
questionnaire may be different from whose who do not
(c.g. they may be frequent users, less busy, better
educated, etc.). Generally, one should am for more
than 50 percent response rates. From a cost
standpoint, it is far better to have a smaller initial
sample, and achieve higher response rates (through
telephone follow-ups to non-respondents or some
other means of follow-up) than to have a large sample
with low response rates. If all the information that is
collected is for measures and derived indicators, a
combination of telephone interviews and sclf-
administered questionnaires will suffice. For example,
when visitors leave the center, they can be asked to fill
out questionnaires at that time (with tables or desks set
aside to do this) or asked to fill them out at their offices
and return them (on subsequent visits or by mail). The
sampled individuai can be asked for name and
telephone number to permit telephone follow-up (to
clarify responses if necessary) or to obtain the
information over the telephone if the person has not
responded. If the information center is part of the
respondents’ parent organization, one can expect
higher response rates than if it is not. We expect about
40-—50 percent mitial response rates for professionals
employed by the center's parent organization and
sufficient responses are achieved by letter follow-up
and then tefephone follow-up, if necessary, to prompt
response or to actually collect data. Only about one-
fifth of the surveys we have performed in this
environment have required telephone follow-up.
Another aspect of self-administered questionnaires is
that the questionnaire must be carefully structured and
worded with suthcient mstructions and detimtions ot
terms.

®  Observation of users in the information center. Another
method is to merely observe users in the center to
determine what services and resources they use. If the
observations can be made unobtrusively, one can
measure extent of use of the services and resources, On




the other hand; the method is very limited in the
number of measures that can be obtained and must be
accompamed by collectmg data (from the same
persons) on frequency of visits and use, satisfaction,
and so on.

Telephone intetviews, The telephone interview is an
excellent method for collecting survey data. This
method should achicve a higher response rate than
self-administered  questionnaires, but less than
personal interviews (see below). The time taken to
complete the survey can also, be lower than for self-
administered questionnaires so. this method is often
used if the evaluation has to be completed in a short
timeframe. The telephone interview questionnaire can
be less structured than the self-administered
questionnaire | and communxcatxon is enhanced by
letting respondents ask questions and interviewers
clarify responses. There are some drawbacks to
telephone interviews:

—  They are more expensive than self-administered
questionnaires, but less expensive than personal
interviews.

—  Interviewers must be trained.

~—  They require staff, telephones and facilities to do
the interviewing.

—  There must be a current and complete telephone
directory, although this should not be a problem
when respondents are employed in the center'’s
parent organization.

Personal interviews. Personal interviews are conducted
by having interviewers ask questions from a survey
instrument or interview guide. This method can be
used only when it is possible to communicate with
respondents directly such as in the information center
or at the respondents’ place of work. The interviewers
normally ask specific questions and record the
answers. They can also clarify the intent or meaning of
questions, if asked. Most of the data obtained for
effectiveness measures can be precoded and, therefore,
recording bias can be kept to a minimum. Personal
interviews have the advantage of permitting complex
questions and lengthy interviews. However, neither of
these two conditions are necessary for data collection
for effectiveness measures. On the other hand, the cost
of personal interviews is high because interviewers
should be trained and, if the interviews are conducted
in workplaces, there are substantial additional costs
associated with setting up the interviews, travelling to
and from the locations of the interviews, and calls back
when respondents are not available or do not show up.
This..survey method .probably should not be used
unless:

— the effecuveness measures data are being
co]lected as part of a Jarger datd collection cffort,
or

—- -the data: collection is done in the information
center. - (This- excludess .general  populauon
surveys)) Center staff members can conduct
«nterviews for..general user. surveys, visitor
surveys, - or. -specific service -surveys, The
interviewers -should - not be those who are
-associated with.any specific service for which
data are being tollected (e.g, reported response
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times, satisfaction with quality, timeliness;
availability, access, etc., for specific services).

®  In-depth interviews. This method is used for very
specific types of evaluation; for example, when a very
new or unique service is being contemplated, or for a
pretest of the survey. In-depth interviews require a
significant degree of interaction in order to probe and
gain an in-depth understanding of important issues.
The interviewer may actually follow a service user
through the process of interacting with the information
center and its environment. When used for a pretest, an
in-dépth interview can establish acceptable
terminology that can be used in a survey questionnaire.
For example, one can learn what to call an informal
collection of documents that is shared by a group of
professionals (examples we have found acceptable in
different environments are “shared office collections,”
“local library” or “unit library” etc) or what
professionals call regularly routed journals (“routed
journals,” “circulated journals,” etc.). One can also
probe to gain a better understanding of information-
related behavior, general awareness of information
services, use of alternative. .ources (to the center) and
so on. About six to 12 such interviews car be
enormously helpful. They normally take 30 to 45
minutes each. This method is usually loosely
structured, with only a portion of information
requiring formal questions. The questions often lead to
formulation of other issues and questions. The
interviewer must be very communicative and be able to
wdentify when further probing is necessary. The in-
depth interview is expensive on a per interview basis.

®  Focusgroup interviews. This method involves gathering
a small group(s) of users or potential users (eight to ten
is common) together in an informal atmosphere to get
them to discuss issues of interest. This method
capitalizes on interactions among the participants with
amoderate amount of stimulus from a moderator. The
moderator guides discussions and listens more than
talks. The advantage of this method is that interaction
among participants often creates a whole greater than
the sum of the individual interaction. On the other
hand, the process is expensive and yields information
from a relatively small group.

The in-depth interviews and focus group interviews are
often used to enhance the comniunication performed on a
broad scale and to formulate hypotheses that can be tested
through a statistical survey.

7.5 Statistical Sample Design

Statistical sampling methods are used for three purposes
First, they provide a formal mechanism for making sure that
the most precise estimate possible are obtained for a given
budget, Second, they help ensure that correct (non-biased or
accurate) estimates are obtained. Finally, they provide a
formal means for estimating the precision of the
observations made. Inherent in the statistical methods are
procedures for determining what sample sizes are necessary
for achieving certain levels of statistical precision. This
section discusses four important aspects of statistical sample
design and their effect on the reliability of estimates based
on the sample survey. The three principal kinds of estimates
made from evaluation surveys are:,
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®  Population totalsincluding the number of persons who
use an information center or its services, number of
uses of the services, amount of reading of journal
articles provided by information centers, total amount
of time users spend in usiag the services, ete

®  Population averages including the average number of
visits to information centers per year per user, average
time spent reading articles per reading, average time
spent reading articles per reader, average rating of
satisfaction with a service, etc.

®  Population proportions including the proportion of the
intended target population who visit or use the
information center, proportion of the population who
are aware of a service, proportion of uses of a service in
which the user is satisfied or very satisfied with speed
of response, etc.

In addition, survey observations can and should be made so
that one can relate one measure to another. For example,
one may wish to relate distance from the center to the
amount of use made of center services, or levels of
satisraction with amount of use (1.¢., to show that amount of
use decreases as distance increases or satisfaction
decreases). We will demonstrate that one can also obtain
data for sophisticated modehng that illustrates the relative
contribution such factors make to amount of use (see
Chapter 11)

®  Swtistical sampling methods. The sampling frame can
be arranged n ways that can provide specific
information or improve survey precision of estimates
and/or cost effectiveness of the survey data collection.
The design also helps ensure that correct (unbiased or
accurate) estimates are obtained. They also provide a
formal means for estimating precision of estimates.
Examples of statistical sampling methods include
simple random sampling, svstematic sampling with a
random start, stratificd random sampling, multistage
sampling, cluster sampling and ratio estimation.

®  Sampling populaticn and sampling frame. The
sampling population 1s the universe of people, objccts
or events which one can describe or measure. The
population may be all professionals employed by the
center’s parent orgamzation, all scientists in the
country, the items shelved in the center, or all of the
uses on an online catalng. The sampling frame is a
physical list of units that make up the population or
procedures that can account for all the sampling umits
without the physical effort of actually listing them.

®  Sample size. The number of persons, objects or events
chosen for the mitial sample. The ending sample s1ze1s
the number of units that respond to the survey or that
are observed. The size of the sample (1e., ending
sample) partially determines the precision of survey
estimates.

®  Sample selection. The method used for choosing
sampling units after a statistical sampling method is
established, and initial and ending sample sizes lrave
been determined.

Each of these aspects of sample designs is discussed further
below.

Statistical Sampling Methods

The most basic, straight-forward sampling design is simple
random sampling although it is infrequently employed for

several reasons that are discussed below. As the name
imples, the design 15 based on random sampling from a
sampling frame of individuals, events or objects. The basis
of the randum sample is to be able to assign a known
prov hility of sclection to each item or unit in the sample
frame A simple random sample tmplies that each unit has
an equal chance of selection. For this to be true, 1t is
necessary to construct a sampling frame and establish a
sclection procedure.

The first step 15 to define the population to be sampled. A
population might be all professionals in an organization, all
scientists who belong to a professional society, all the online
users, all online uses, or items retrieved from online
searches. It is not enough to define the population for
sampling purposes; one must also identify units within the
population so that they can have a known chance to be
chosen in a sample. The identity of units, which are
frequently listed, is called a sample frame; and the items on
the st are called sample units. The sample selection
procedure involves the manster in which individual sample
units are chosen. Some statisticians insist that the sample be
chosen in a completely :andom manner, using tables of
random numbers. However, a perfectly valid method, which
is far more practical, 1s to employ a systematic sample with a
random start. In this procedure one simply takes the desired
sample size and divides that number into the number of
sample units in the sample frame and then samples through
the list using that interval (calied sampling mterval).
Suppose we have a list (or directory) of 2,000 professionals
in an organization. If we wish to interview 200 of the
professtonals, we would dvide 2,000 by 200 to establish a
sampling interval of 10. First draw a random number
between 1 and 10 to use as 2 starting point 1n the sample —
say 7. With a sampling interval of 10, the sampled units
would be the seventh and every tenth name beyond that (1.e.,
17,27, 37, .. .). The only caveat about using a systematic
semple with random start is that there can be periodicity in a
lisung which can bias the sample selection. For example,
suppose the sample frame 1s days over time. A sample
interval of seven wouid mean that a specific day (such as
Tuesday) would always be chosen; and there could be
differences among days that would not be represented in the
sample procedure described.

As mentioned earlier, there are statisitcal sampling methods
that are designed to provide better results than the simple
random sample. One of these designs, stranfied random
sampling, takes advantage of information known about the
sampling units in order to provide more precise estimates.
For example, if one knows that some professionals are more
likely to be center or service users (e.g. scientists and
lawyers versus financial and operational professionals), the
designer can apply this information to improve the sample
design. That s the sample frame can be subdivided nto
groups of professionals of ltke work roles (eg, R&D,
operational, legal work, etc.). If the assumption concermng
the relation of work rol~ and center or service usc 1s correct,
the precision of esimates should be less than the precision
of the estimates found from a «unple random sample (or
systematic random sai..3!» “i his means that the confidence
interval of an esmate trom a stratified random sample is
narrower than estimates from a simple random sample, if the
sample size is the same for both designs. Conversely, one can
achieve the same level of precision with a smaller sample
using a stratified random sample than from using a simple
random sample. The reason that the estimated precision of a

onBatian SPT A 3 A A




O

!
'

stratified random sample is less than one estimated for a
simple random sample s that the standard error (ic.,
measure of precision) estimate 15 based on the variability
within strata, which can be substantially less than the
variability across the entire population.

Three criteria should be kept in mind for allocating the
sample size to the strata (c.g, R&D, operational, legal
professtonals, etc.). In a given stratum 1t is usually best to
take alarger sample if any of the following conditions is true:

1. The stratum total population 1s larger than the others.

2. The stratum is more vanable (ie, the range of
measures 1 the stratum 1s greater)

3. The sampling 15 less expensive to conduct i the
stratum,

In the absence of approprnate information about the strata,
one will not go too far wrong by employing the same sample
fraction in each stratum.

There are exceptiops to the rule above For example, assurni.e
that an independ.nt information center (¢ g, clearinghouse
or national libre ry)1s surveying hbraries to determine extent
of use of certain products or services. Here the stratification
factor nught be sizc of the library. In this case, it is probably
better to sample more heavily in the stratum with larger
Iibraries (i.e., it 1s usually best to give thé larger umts a
greater chance of being chosen in the sample) For example,
one would sum the sizes of libraries i the large, medium,
and small strata as follows®

No. of Average Stre
Ubraries (n houwsands  Sum of Sres of  Sample
Systum In ftabun of hoidings)  Ubravies 1000} Stee
Latge hbraries 500 30 15,000 97
Medium libranes 750 15 11,250 72
Small ibrarles 1,250 10 12,500 81
Total 2,500 38,750 250

Tnus, large libraries would be given a lngher probabihty. of
bewng chosen in the sample If libraries had been choscn
strictly proportionately, there would be 63 large, 94
medium, and 156 small libraries, Finally, note that if the
purpose of stratifying 15 to make estimates about each
stratum or to compare estimates among strata, 1t 1s best to
make the sample sizes about equal among the strata (i.e, in
the example above the sample would be 84 large, 83
medium, and 83 small libraries).

In making population estimates from stratified random
samples 1t 1s important to take into account the
disproportionate sampling among strata. Equations for
estimating totals, means, and proportions are discussed n
Chapter 10.

Another statistical sample design involves the situation in
which the sample units of interest are part of a larger unut.
For the example of the independent information center
above, suppose that the unit of interest is online search users.
Here one may want to determine time spent searching,
satisfaction with scarch results, or other measures. The
population of all users is difficult to identify, but libraries
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that provide onlime search services may be known. The
sampling method then is to sample Ibraries (or information
centers) and subsample their online users. If the number of
users or online scarches is large, a subsample of them would
be necessary, This procedure 1s called rwo-stage sampling:
the primary sampling units in the example are libraries, and
the online searches by users are the secondary sampling
units Sometimes the primary umts are referred to as clusters
if the number of secondary units 1s not identified or known
before the sample 1s drawn.

Usually, to keep costs down, the number of prunary sample
umts 1s reduced and the number of secondary sample units
is increased. The question of how the samples are allocated
among primary and secondary sampling umits depends on
the vanability within clusters. At one extreme, if all the
secondary sampling units were exactly the same (e.g., if
libraries had rules that onhine searches could be for a given
length of time), then it would be necessary to choose only
one secondary sampling umt (e.g., one search per library).
The sample stze would be the number of pnimary sampling
units chosen. At the other extreme 1s the case in which every
cluster 1s tike every other cluster (¢.g , the average tume spent
searching and the variability of time spent searching is the
same for all libranes) In this mnstance one would need to
sample only one or a few primary sample umts and
subsample heavily in that unit(s). The sample size would be
the number of secondary sampling umts chosen. Usually the
cost 1s less for fewer primary units sampled; therefore, a
balance must be achieved between cost and precision of
estimates. Generally, if information 1s available, it is best to
choose the primary sampling umts on the basis of size and
choose the number of secondary units in equal proportion to
size. That is, once a pnmary sample unit is chosen, a sample
frame is constructed for the secondary sampling umts and a
random sample 1s chosen with a predetermined sample
fraction (say, every twenticth umt). This sampie fraction will

_ be the same for sampling within cvery primary sampling

unit.

T'orming the sampling frame for secondary umts can
sometimes be difficult. In the online scarch example, there
may be records of the searches pertormed over the past six
months or year. In this case, the scarch time might also be
recorded or the user rdentified, in which case defiming a
sample frame is not a problem. However, if the 1ssuc 1s to
establish users’ attitudes toward online search services, it1s
necessary to form a unique list of users, with recognition that
many users may conduct several searches (or ask for several
searches). An ecven greater difficulty occurs when
information is needed from potential users as well as users.
Here, potential users might be selected from directories of
professionals, faculty lists, cnrollment lists. or library
patrons lists. A combination of stratified ranrom samplng
and cluster sampling is frequently used; that 1s, clusters are
sampled within strata.

There can be any number of stages in cluster samphing. For
the cxample above, onc may wish to characterize
bibliographic items found in public libraries, onc might
sample hbraries as a first stage, bibliographic publications as
a second stage, monthly issues as a third stage, and items
within an issuc as a fourih stage. Tt s usuaily best to give the
larger units a greater chance of being chosen 1n the sample.
In fact, a common procedure is to sample with probability in
proportion to size (pps) This is done by listing the sample
units within each stratum in order of size and selecting the
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sample using a systematic selection with random start. For
example, assume that the stratification factor is the number
of persons served (e.g., faculty and enrollment 1 colleges
and universities). One would list units in order by their size
and the cumulative range of sizes as follows:

Cumutstive
Sample Unt Size $ize Hange
Uibrary 1 50,000 0- 50,000
Ubrary 2 25,000 50,001 - 75,000
Ubrarv 3 20,000 75,001 - 95,000
Library 4 16,000 95,001 - 110,000
Ubrary 5 10,000 110,000 - 120,000

The sample would be chosen by systematic sampling, using
the size information. The total would be the total cumulative
size (120,000 in the table above), and this number would be
divided by the desired sample size (say, 3 libranes) to
determine the sampling interval (i.c., 40,000). The first
number would be chosen randomly between 1 and 40,000
and every 40,000th number chosen beyond that. If the
random start was 18,542, the subsequent numbers would be
58,542 and 98,542, This means that the sample of three
would be Library 1, Library 2, and Library 4, since their
respective cumulative size ranges include the randomly
selected numbers.

Another staustical method that has proven extremely useful
in improving the preciston of estimates 1s ratio estimation
This method employs an auxiliary variable about which we
have information in order to calibrate estimates. In this
method 1t 1s assumed that the auxiliary vanable is highly
correlated to the variable of interest. For example, we
indicated earlier that the amount of online searching
performed in a library (X) is probably hughly correlated to
the size of a ibrary, say holdings (y). We also probably know
the total number of holdings in a population of libraries (e.g.,
academic libraries) since directory listings usually mdicate
hibrary holdings. Ratio estimation 1s like using a stratified
random sample wher ; the stranfication factor is continuous
rather than discrete (e.g., large, medium, and small ibraries).
In effect the variate used in the rato estimation merely
serves as a powerful calibration.

7.6 Survey Reliability

Onc cannot expect estimates of proportions, averages,
totals, etc. taken from a survey to be exactly the same as the
true population value. The difference between survey
estimates and true population values is attributable 0
survey errors There are two types of error that can occur in
surveys.

®  Sampling error: The difference between an estimate
(eg., proportion, average, total) and the true
population value which is due to the fact that only a
sample of values is observed. If the survey is a census
(i.e., every unit in a population is observed) there would
be no sampling error. Sampling error can be estimated

from a random sample and is called standard error.
Precision of survey sample estimates 1s a function of
sampling error.

& Nonsampling error: This error, sometimes catled bias,
1s that part of the difference between an estimate and
the true population value 15 due to mistakes 1n survey
processes or impreciseness of survey communication.
Nonsampling error 1s rarely attempted to be measured
because of the extreme difficulty of doing so. Accuracy
of survey sample estimates is a function of
nonsampling error.

The toial difference between survey estimates and true
population values is due to a combination of these two types
of errors in the following way*

E
Survey Error Non-sampling

Error

Samphing Error

That s, the total survey erroris like the hypotenuse of a nght
triangle; where the legs of the right triangle are sampling
error (X) and non-sampling error (y). Thus, total survey error
15

F7y

Sampling Errors

Preciston of estmates from samples is measured by
standurd errors of estumates Equations of standard error
include the deviation of responses from the true value and
sample size. Examples of equations of standard error (SE)
are-as follows:

Propornion. The equation for the standard error of a
proportion SE(p) 1s:

SE(p) = /%

p is the estimate of the proportion of interest
qis the complement of p (r.c., 1-p)
nis the sample size.

Where:

Referring to Table 71, we find that the users rated
satisfaction with relevance of search output as follows:




TABLE 71
SATISFACTION RATINGS OF 50 SURVEY

RESPONDENTS
Satisfaction Satisfaction
Rating Rating
Sample Score Sample Score
1 3 26 3
2 5 27 5
3 1 28 3
4 4 29 4
5 4 30 5
6 5 31 4
7 5 32 5
8 2 33 4
9 1 34 2
10 4 35 5
1 5 36 4
12 4 37 2
13 3 38 3
14 2 39 4
18 2 40 4
16 3 41 3
17 5 42 4
18 2 43 5
19 4 44 5
20 3 45 2
21 4 46 1
22 5 47 3
23 4 48 5
24 5 49 3
25 2 50 4

Rating Scores: 1 - Very Dissatisfied, 2 - Dissatisfied, 3 - Neither Satisfied nor Dissatisfied, 4 - Satisfied, 5 - Very Satisfied.

Satisfaction Rating No. of Proportion
Rating Score Users of Users
Very Dissatisfied 1 3 0.06
Dissatisfied 2 8 0.16
Neither Satisfied

Nor Dissatisfied 3 11 0.22
Satisfied 4 14 0.28
Very Satisfied 5 14 0.28

Total 50 1.00
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Thus, 0.56 (56%) of the users rated searches as sausfied or
very satisfied (0.28 -+ 0.28). Thus, the standard error of this
estimate is as follows:

P (0.5_8)(0.44)
SE(p) /:————-50

= 0.07 (7.0%)
The confidence ievel for this estimated proportion is:
56.0% + 13.8% at 95% level of confidence

Average. The equation for the standard error of an average
SE (R)1s:

Z (x~x)
SE(x) = [-~———ux-
(x) n{n—-1)
Where: xi 15 one of the observations

X is the estimated average
n is the sample size
= means that (x,—X)* 1s added up over all x,

Referning again to Table 71, the average satisfaction rating is
found to be 3.56 (178 divided by 50). The estimated
standard error of this average 1s found as follows:

B(x,~R)? = (3—3.56) + (5—3.56) + .. etc.

Since observations (X) have only five values (1, 2, 3,4, 5) the
summing is simplifie